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PKEFACE. 



Much perplexity and difficulty has beoii felt by surveyors 
m the use of the Magnetic Compans, in Gonsec[n.ence of its 
variations fi-om the trae meridian, at various localities or 
stations, and also its almost oonstaiit diurnal changes as well 
as aberrations, cansed by local attraction, A more perfect 
^ide for the sun'eyor than the Magnetic Needle was, there- 
fore, very desirable. The long continued efforts made by 
the author to aooompliah this object, resulted in the inven- 
tion of the Solar or Aati'onomieal Compass. A mode! of 
this instrument was made in the year 1835, by the inven- 
tor, in order to test its priuciples, and in the latter part of 
the same year, the first Solar Oompass was made, under bia 
direction and supervision, by William J. Young, of Phila- 
delphia, Pa. The instrument was then submitted to a com- 
mittee of the Franklin Institute, of the State of Pennsyl- 
vania, who after a full esamination of its principles and 
merits, awarded the inventur a premium of twenty dollars 
and a"Scott's Legacy" medal. The Solar Compass as then 
made, like most newly invented instrument's, was ^oon found 
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has since coiitinueil to improve this inattament as more &x- 
pcrienoe in tlie use of it seemed to suggest. And in 1851 
exhibited it, aa improTcd, at the World's Fair, in tlie city 
of London, wliei-Q a premium medal v/as awarded the ex- 
hibitor by tlie juroi-s on Astroaomical Instruments, 

Since its invention in 1S35, and during its progressiTe 
improYements, ike iuTeator has been called upon, pei-sonally 
or by letter, from a large portion of the Burveyors of tho 
public lands, for infoi-malaon how to adjust aud use it. Such 
inquiries could be but imperfectly answered by letter, or a 
few hours' coaversatioa, and the author could not, without 
being discoarteous, avoid repljing in some manner to such 
necessary inquiries, though a serious tax sometimes on his 
business. To prevent this the inventor published a few 
pages of instructions, showing how to adjust and use this 
iostniinent, and distributed them among the surveyors; but 
soon after this, new discoveries wore made in the construc- 
tion and adjustments of tho Solar Compass, consequently 
what had been done only Bupplic4 their wants in part, and 
the inventor was solicited by many of the surveyors of the 
public lands for full instructions on this subject, and a trea- 
tise on surveying adapted to their wants in the field of sur- 
■ vey. The foregoing remarks constitute tho apology of the 
author for assuming 3 tasl: so foreign to his habits of life, 
and to which diity seemed to impel him in the absence of 
any prospects of this much needed work being soon aj^com- 
piishod by any other person. This treatise contains much 
original matter, mostly derived from experience in practical 
surveying. The elements of surveying as published and 
taught in the schools, are purposely omitted to lessen the 
size of this work, the object of which is to furnish the 
practical surveyor with a convenient pocket companion suited 
to his bvKiness wliile engaged in his field work. The ines- 
perionced siirveyor in this branch of the public service has 



need of all necessary infomiatioa to enable hun to aeeom- 
pliah his arduoaa duties in a proper manner. The fi'equent 
failures in part, or in wtole, hj many Deputy Surveyors, have 
done much injury to the public surveys, and ruined their 
hopes and reputation. 

This is a suf&cient reason for inti'oducing into this work 
the necessary outfit and preparations for a large survey in 
the wilderness, the want of which has been one of the prin- 
cipal causes of these failures. 

The author docs not prcsiune that this treatise is without 
defectaj te indulges the hope, however, that it will answer 
the purpose for which it is designed, until further esperience 
shall furnish a better The author has availed himself of 
the esperience of several practical surveyors, in preparing 
this work, and has ilKo consulted the best autliorities that 
appeared to thiow light upon the subjecta treated of. 

The tables of NatunI femes and Taagenta, at the end of 
the work, have been caiofully compared with different standard 
works, and arc offered to the surveyor with a confidence that 
he will find them accurate. The table of chords has been 
added to supply a want, frequently esperienced, in draught- 
ing, where a reliable protractor is not at hand. The majority 
of protractors aooompanying draughting instruments ai'e 
eitlier so small or so inaccurate as to be productive of sena- 
ble errors in large draughts. 
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A KEY 



SOLAR COMPASS, AND SUEYEYOR'S COMPANION. 



THE SOLAE COMPASS DESCEIBED. 



The Solar Compass works astronomically in determining latitude, 
and in measuring iiodzontal aJigles A'om the true mendluD, nnd in 
determining the declination, and liour ares, of celestial otgecta within 
the Zodiac; and ia further nsod as a magnetto compass. This in- 
strument is used on a tripod, with a hall and socket, in order to 
adjust it readily to an approiimat^ level hy the hand, after which it 
ia adjusted to a true level by means of fcvir thnmb-sorewa at the 
lower end of the socket, by which it is attached to the tripod. No 
part of these are seen in the plate, eioept the ball, clamp md screw, 
at (I. This clamp fastens the instrument on the tripod in any re- 
quired position. , The Solar Compass has two m^n plates, seen at 
a. and b. — a. is the upper and b. tlie under plate, the latter is that on 
which the compass sights «. are attached by screws and steady 
pins. This plate revolvea undemeatli the apper plate on a conical 
centre piece, and may be olainped to it at any required angle by 
two clampa, one of which is seen at p. There is, ftlso, an inlaid sil- 
ver ring on the under plate, divided into half degrees, which is co- 
vered by the npper plate, esoept at two openings at opposite pointa, 
with a vernier attached to each, rf. d. Upon the upper plate is at- 
tached a needle-boi, e, by a conical centre piece below the cap of 
the needle q. This needle has an are of about 36", divided into 
halves, for its north enti only. A lever, r, js to raise the needle from 
its pivot "when not in use. 
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10 THE SOLAR COMPASS. 

The neadle-l)os has a limb eitenciing at right angles from its 
centre, which ia not seen in the plate. At tlie end of this limb is a 
yernier and avo to HBt off ibe needle's variation ; the tmgent screw 
to this limh and vernier is seen between k and d. In eonseqnenoe 
of iJie impecfeotion of mngnefic needles, the are is attached to tho 
apper plate hy two screws, and made adjustable, so that all instru- 
menia of this kind can be made to read the same magnetJc variation. 
On the upper plate two ndjuBtable spirit levels are plaeed at right 
angles to each other, for the pnrpose of adjusting the instrument to 
a true leTOl, when an ohaervaiaon is made on any celestial object. 
The edge of the upper plale is divided to every five degrees of a 
circle; and in its centre is placed a brass pin, rising a little above 
the needie-box ; by this arriingement, the surveyor can readily see 
the approximate course of any object in view, without turning the 
sights in its direction. 

Together with the foregoing dcsoribeii parts, on the upper plate 
ia placed Ihe aolar apparatus, which is attached to it hj two small 
blocks, fastened by screws and steady pins, one of which ia seen at y. 
Into each of these blocks one axis of the latjtude arc g enters. 
These axes are connected by the hour are i and two radial arms 3 3 
from its centre at s. From this centre of tbe hour arc, a curvili- 
near arm estends to the latitude arc g. The latitude arc moves in a 
grooved arc to which ita vernier ( is attached. The grooved arc is 
fastened to the compass plate hyo flange at its base, and two screws. 
The latitude are g has a radius of about 6^8 ihohes, and is divided 
into quarter degrees, and its vernier t reads those dWisiona to mi- 
nutes. The latitude arc is clamped at any required latitude, by a 
clamp screw on the back side, not seen on the plate. The hour arc 
!, as above stated, lies between, and connects the axes of the latitude 
arc: it is only a portion of the hour circle, and is divided to half de- 
grees. This arc gives tlio hour angle of oeleslial objects witliin the 
Zodiac of about 65° or 60° east and west of the meridian. 

The revolving limb v, with ita declination avo A, is mounted on 
the centre of the hour arc, and has a fi'ee motion on its conical 
spindle or axis, within the conical sootet s, at tlie lower end of whicli 
is & collar and screw, for the pnrpose of giving a suitable tenaenefs 
to its movement. This ia called the polar axis. 

In conneiion with the revolving limh is another moveable limb i, 
attached to it by a short conical centre at I; tlie otber end with its 
Yeraier m, moves over the declination arc h, and is clamped tt it at 



SOLAR COMPASS EBIEPLY EXPLAINED. 11. 

arty required decimation, by a clamp screw on tlio "back eide of tlia 
are. This aro lias .al)oat iJie sfime radius, and llie aaino diyiEiona 
and yemier as tlie lalitude arc. 

A Bmall brass plate is attached by screws to eaoli end of tlie limb 
a, standing out at riglit angles from tlie limb | sad into tliB upper 
half of one plata, and tbe lower half of the oilier, is set a small con- 
yei lens, aa seen at o o, called the solar leoaea ; and on the opposite 
brass plate to each lens, is attached a small a<livistable silver plata 
by means of three screws. On each of Uiese siher plates two sets 
of parallel linos are drawn, crossing each other at right angles, at a 
suitable distance apart to embrace the sun's image, which faEa be- 
tween them from the lens. 

The set of lines which ace parallel to the hour arc are called tho 
equatorial lines, and the set which are vartical to the hour are aro 
called the hour lines. On the upper edge of each brass plate above 
named, ia placed an eqaatocial sight lo is, which can be attached or 
detiiched at pleasure, by means of small thumb screws. 

There is also another limb (not seen in tho plate) called an ad- 
juster, which can be substituted in the place occupied by the limb x, 
for the purpose of adjusting to a parallelism witli the lenses, the 
equatorial lines on the silver plates. It is a brass bar about sis 
inches long, and one-fourtli of an inch thick, with a plane surface, 
and three small pins at each end. Tie pins aro for the purpose of 
keeping the limb x, when on the adjuster, in its place. 

Tlie adjuster when used must be attiched to the same place occu- 
pied by the limb x, with the same centre and screws that held the 
latter. /See second adjustment,) 



PEINGIPLES OF THE SOLAR -COMPASS BRIEFLY 
EXPLAINED. 
Where a solar compass is correctly adjnsted in all its parts, and 
also to the latdtude and meridian of the place of observation, witli 
its vernier m, of the declination arc clamped at 0, or zero, then the 
polar axis s, of the instrument, will be parallel to the axis of the 
earth, and the moveable limb x, with its lenses and equatorial sights, 
will consequently be at right angles to tlie polar axis, and will rc- 
volre on this a.Mis parallel to tho plans of the equator; therefore, it 



12 THE SOLAS COMPASS. 

is oleoT that this motioii coincides vhh the diurnal motion of nny 
lieayenly body that haa no daclination, and it is equally clenr, that 
this ooinoidenoe liolds good wlien a celestial object bas nortii or 
Boutli declination, if ila dflolination be set off co (he declination arc 
of the instrnment; for, tho diamnl motioii of the lieaTeoiy object 
■will he like the motion of the moyeable limb x, parallel to the equa- 
tor and equidist-ant from it. Now if the instrument be turned hori- 
liontallj out of the meridian, the polar asis will not lie parallel to 
the axis of the earfh, nor will the moveaWe limb x revolve parallel 
to the equator; ooosequently it will not follow the diurnal motion of 
anj heatenly body; therefore, if the sun's declination be set off on 
the declination, aio, tie sun's image from tlie lens will not fall be- 
tween the equatorial lines on the silver plate, but will fall above or 
below them, and will not fall Ijetween them until the compass is 
tnmec! again into the true meridian. 

It is from these principles of the solar compass that the true me- 
ridian is obtained, and Uic Tarlation of the needle determined, etc. 



ADJUSTMENTS 01? THE SOLAR COMPASS. 

Before using tlie solar compass it must be correctly adjusted. 

This consistsin bringing its different parts to theirproperpla.ee, and 

in determining the index errors of tie instrnment in its graduated 

area, whiah is chiefly done by reversals and adjusHng screws. 

FIRST ADJUSTMENT, 
To aijtist the ftoo spiril levels hk,ioa horisonial mosemeni of tlie mslru' 
merO, on its lotstr axis. 
Place the compaaa on the tripod, and level it, or nearly bo, with 
the hand, then by means of the levelling sorews at the lower end of 
the ball and socket, bring the bnbble in each level to the middle of 
its opening. If the bubbles do not mova while the compass is turned 
horiiontally around on its lower asis, tiis adjustment is right; bnt 
if they move, tlie levels must be adjusted by the screws at the end 
of each for that purpose, until the babbles will remain stationsjy 
while the instrnment is turned horizontally around. 
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ADJUSTMENTS OE THE SOLAR COMPASS. 13 

SECOND ADJUSTMENT. 

Ta make the solar lenses and the egiiatorioi lines on tiieir opposite plates 

paralld to etoA other, 

Detaoh tlie limb i, by talting out its fastoning sorows, and attooJi 
the adjastev in ita place, witli the same screws that held the limb ; 
ilien clamp it at the moveable end, to tiie sun's deolinatiou as near 
as pnwitioable. Now let the coajpasa be placed on tie tripod where 
the aun ahinea, and laval it, -with the sights north and south, or 
nearly so ; tten ploiie the limb x on the adjuster, between the pins, 
the same side up that 'was upon the compass, ami then bring it to 
bear on lie sun aa in other observations, and turn the compass hori- 
lontally, if necessary to bring the sun's image precisely between the 
equatorial lines on the silver plate ; now, without moviag the com- 
pass in the least out of level, or otherwise, take the limb x from 
tie atyuster and turn the upper dde down, without changing ends, 
and place it on the adjuster ^aia; then see if the sun's image falls 
between the equatorial lines as before. If it does, this plate is in 
adjustment; but if it does not, loosen the three small screws whioli 
hold the silver plate, (haying oblong holes under their bends,) and 
move this plate one-half of lie observed diSerenee, up or down as 
tie case requires, aud lightly tighten the aorewB again. Repeat 
these observations and adjustments, as above described, until the 
sun's image falls precisely between the equatorial lines, either side 
up. This plate tlien will be in correct adjnstment, 

Now reverse the ends of the limb x, and adjust the other silver 
plate in tie same manner as the first, When this is done, the paral- 
lelism of the lenses and equatorial lines are aa perfect ns reversals 
will malce them, and tie equatorial sights are a!so parallel to these. 
The ac()uater may now be taken off and the limb x returned to ils 
place. It will not be necessary to repeat this ai^ustment unless the 
silver plates get moved by accident or otherwise. The best time to 
make these adjustments, is between the hours of 10 A. M. and 3 P. M. 

In making this adjnstment the limb x should fit accurately on the 
adjuster, and tie brass plates in whioh the lenses are set must be 
precisely of the same breadth; if thoy are not, this adjustment can- 
not be correctly m-ade. Therefore, these plates should be carefully 
tried with a gauge, and any difference in aiie corrected. 
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14 THE SOIAR COMPASS. 

THIRD ADJCSTMENT. 
To find the index enor of the declination arc. 

Set the vernier m of the doolinatLon arc h at 0, or zero, platio the 
compiles on tbe tripod, and msline it north or douth, as the sun may 
have north or soutli deGliacitiou, until the sun's image falls precisely 
between the equatorial lines od tie silTer plafe; then reverse Oie 
lenses bj turning tho revolving limb half way around, and see if Hie 
sun's imnge falls precisely between the cquattprinl lines on the other 
BiWer plate; if it does, there is no index error in this aro; but. if it 
dees not, move tiie limii x up or down, as the case requires, on the 
declination arc one-half of the observed difteraace, and try the re- 
versals again, and so repeat them, if necessary, until the auu'a image 
falls preoisoly between tiie equatorial lines on botb silver plates. 
The amount of indcs error in this arc can now be read by its vernier 
m. If the inde^ error is below tlie graduated zero point dq Uie de- 
clination arc, its amount must be sabtraaisd from the declination of 
the celestial object, before it is set olf on the declination are ; but if 
aiose, it must be added. 

Set the vernier m of the declination arc h at zero, aa before, and 
bring Ibe equatorial sights to bear on some distant ohjeot; then, 
without moving the compass in tlie least, reverse the revolving limb 
V, and see if the line of sight is the same as before; if it is, there is 
no index error; hut if not, proceed as described, by reversals on the 
KUn, until the equatorial sights wili bear oa tho same objects when 

FOURTH ADJUSTMEKT- 
To bring ihe polar axis io a Tight angle wiili the axie of the latitude arc. 
This adjastment gonBrally is, and always should he mode by the 
instrument maker, but the surveyor should test his instrument in all 
of its parts. First detnoli the solar apparatus from tho npper plat*, 
by taking out the clamp screw of the latitude arc, and the screws 
that fasten its axis and blocks to the upper plate; then take a piece 
of board about four inclies wide and a foot long, with smooth edges, 
and nail one edge to anotlier board aboat one foot square, so that 
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ADJUSTMENTS OF THE SOIAE COMPASS. 15 

it will be at right onglea to its surtaoe. Plane this on a stand or 
tiible. in a ooaveuient plEice to view some distant object, then take 
the blocke that hold the iixes of tke latitnde arc, and place tlieia on 
llieir axes, and fasten them by their screws to tlie upper edge of the 
uiirron board; b^ this arriLngement the polar asia i can bo brought 
to a perpendicular, and then reversoiJ, by ^ying motion to the ases 
of the btitude aro of 180'. 

The moveable limb x must now be damped to its true lero point, 
ss found by the tliird adjustment, and the polar osis a brought to a 
perpendicular ; the revolving iimb v must now be turned parallel f o 
the aria of the latitude aro; then observe some distant object through 
the equatorial eighti; now reverse tiie polar axis as above directed, 
and see if the equatorial sights bear on the same object as before 
reversing the polar axis; if tliey do, the polar axis is at riglit angles 
to the axis of the latitude arc; but if not, tbe fooe of the Saage, or 
the seat of the conical socket i, must be gronnd on one side enough 
to correct this error, so that the eqnaferial sights wili bear on the 
same object whan reversed as above stated. If the error be small, 
it may be corrected by placing tv thin piece of tin foil, or some other 
firm substance, under one ade of the flange of the conical socket s. 

FIFTH ADJUSTMENT. 
To make the compasa tights coincide ml& tht tnie meriditm, tohen an o!,~ 
seiTiaiion is made teith Che solar compass. 
Piaoe the oomptisa on the tripod, and clamp the sights to an east, 
west course; then take out the clamp screw to the latitude arc, iind 
raise this arc until IJie polar axis s is horiaontal, o* nearly so, and 
fasten it in this position, which can bo easily done by placing a small 
wedging piece of wood between the edge of the hour aro and the 
upper plate of the compass, and a small brace of wood between the 
brass centre pin and the conical centre a of the konr aro. Then 
clamp the rerraer m of the declination arc at its true nero point, as 
found by the tliird adjustment. Now bring the eqnatorial sights to 
bear on some distant object in or near the horizon ; then unclamp 
the main plates a and b, and bring the compass sigltts to bear on 
the same distant object; (it is well to revBrse the equatorial sights 
and make the same observation again;) if both sights still ociincide, 
read at the verniers dd, the amount of the index error, if any, be- 
tween tJiese plates. 
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16 IHE SOLAB OOMEASS. 

This adjustment shonld alwuja be Djaflo hy the instrnment mater, 
and cUared of iadsx error, by a ppopov iu^uslmeut of the compaas 
Biglita on tho lower plate. Bnt if any indes error is found in tlie 
inatcument, wliile in tLie UnndB of the ai^rveyor, it slionld be allowed 
fur in all couiBes rnn t>y bini, or lie may correct it by removing one 
of tlie compass sights the required amount bo aa to make the line 
of siEbt to oohioide witb the meridian, Tliia can bo done by en- 
larging, with a small round file, the holes on one side of the steady 
pins and screw tliat hold tlio compass sight to tlie lower plale, 
enoxigh to correct tbe index eiTor. The Yafianoy on the side of the 
sleady pina may be filled with tin foil, or som.e other si 



SIXTH ADJUSTMENT. 
To find the index error of the latitude arc. 
Tills is moat aorreatly done by determining tbe latitude of any 
station by north and south stars, or, determine the latitude by the 
Bun, and ngain by the pole star; (see article, "Latitude by the Solar 
Compass;") one-half of tie difference of latitude tlius found, if any, 
is tliB indes error of this arc If the latitude determined by an 
observation on t^e sun, or star within the zodiao, be less than the 
latitude by the north star, tbe half difference must be added, to the 
sodiacal obEorvation, to obtain the ti^e latitude of tbe station; but 
if greater, it must be subtracted. But this indes error is not used 
for any otter purpose than to find the true latitude, for tho latitude 
given hy an obsorvatloo on a celestial object within the lodiao, is 
the latitude to be used for all oUier purposes. 

SEVENTH ADJUSTMENT. 
To find ike index error of Ike hour arc. 
Adjust and clamp the compass sights to the true meridian, as 
directed in the remai-ks to find tbe meridian, Tariation of tbe neodle, 
&o. ; also, set a stake in the mei'idian, four or live chains south of 
the instrument, and keep tbe compass aigbls directed to it. Then 
at the distance of ten or twelve feet south of the instrument, suspend 
a plumb line ttom the top of a suitably inclined pole set in the ground, 
nnd firmly supported with ei'otohea, and of a auffioieni height to ob- 
aeiTe, neai the top of the line, the meridian passage of tic sun. 
Then with the aid of a suitable darlc glass, observe through the 
noi'th Eight va,no, tlie meridiaii contjict of the sun's west limb with 
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tlia lino, 1111116 an ossistant has kopt tie sim's image aeeurately be- 
tween tlie hour linfis on the silver plate. At this point, read on the 
graduatBd aide of tho declination arc, at either end of the revolving 
limb, its distance from the gradnated zero point, and the same f^fain 
with the loot contact of the snn's east limb : half the difference on 
the hour ore, between these two obaervationB, will be its true lero 
point ; from which read the indei error. 

It should lie remarked here, that lie piindplea of tlie solar com- 
pass have been applied in various ways to surveying instruments, 
to suit the views of mathematical instrument makers, or surveyors 
for whom they were made; but tlie solar compass described in the 
foregoing pages, and for which the adjustments are given, has been 
found, aftar much eiperienoe in its use, to he the best adapted to 
Eurveying the public lands, and for Ibis purpose it is generally used; 
for the reason that it is more safely and conveniently oaiiied and 
used through all the exposures which are unavcidahle in the wilder- 
ness. Some change, however, may be made in its machanioal oon- 
Btrnotion, for the purpose of city surveying, and for ruiming the 
lines and curvas of railroads, etc. But in whatever form they may 
ba made, it is important to a good solar apparatus, that tho latitude 
and declination ares have a radius not less than five inches, so that 
their divisions may be Buffioiently larga to ba eaaily read, and the 
arcs readily and accurately adjusijid for use. The importance of 
this will be understood by considering the frequency of these adjust- 
ments, and the circumstances under which they are made while 
running lines in Hie field. So far as known to the author, but few 
surveyors have qualified themselves to use the solar compass on any 
other celestial object than the sun; and, perhaps, as few have fully 
understeod its principles and adjusiments. The reason of this is found 
in the fact, that no work has been published before this, sufficiently 
elucidating ita prjaciplas, adjustments and use. The sun is the prin- 
cipal celestial olyect used in surveying lines with this instrument, 
which only renuirea a knowledge of the true declination of the sun 
for each hour of the day, ia the longitude where the survey is to be 
m'ada. Therefore, with thainstructior^ here given, no accomplished 
surveyor with the magnetic ocrapasa, need Iiositate to use the solar 
Compaq oa the sun; and he will soon acquire tha further knowledge 
of using it on other heavenly bodies at night, to determine the va- 
rialaon of die needle, and for other purposes treated of in this work. 
If the solar compass has boen truly adjusted in all of its parta p^^^. 



THE SOLAR OOMPASS. 



ASTRONOMY. 

Though mei'ely a Imowlcdge of the -apparent diurnal motion of 
the SUE in the heavena, ■niU serye for the single purpose of using 
the solar oomposs ou thnt lummary ; jet, for all the purpcsea for 
which this instrument can be employee! bj night on the planets and 
fixed stars, tt more estended knowledge of astronomy is required. 

Therefore, the following brief notice of astronomical facts andpho- 
nomena is deemed necessary to be understood by all surveyors, to 
enable titem to use the solar compass to the best advantage. 

SOLAE SYSTEM. 
The Bun is the centre of the solar system, around -which nil the 
planets revolve in elliptical orbits, ftom west to east,* with dimi- 
nished velocities as their distances inoroaae from the sun : the planes 
of their orbits are nearly coincident with the plane of the ecliptic ; 
therefore, their greatest dealluations will be sometiiaes mora or 
less than the sun's greatest declination, by the amount of the angle 
of inolination of each of th«ir orbits to the plane of the ecliptic. 
See the following table. 
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THK EAETII. 

Tlie eartli is lui oHnte aplicroid, whose oquatorial diameter ex- 
ceeds ita polav diameter alwut 26 miles ; the cause of tliis differenca 
is supposed to lie the centrifugal force of the eartli'a rotuiy motion 
around its axis. 

The north and Boutli poles of ihe eartli are two points on its sur- 
face, opposite to each otlier; and a straight line between thaso two 
points is called the aKJa of tte earth, around whioli the earth re- * 
toItsb, ftom wcat to east, once in a sidereal day. 

The asis of the earth ia always inclined from a perpendicular to 
the plane of its orbit; in other words, tlie asia of the earth has an 
angle tfl the asis of the eclipUc, of about 23° 28'. Therefore, the 
axis of the earth is always in the same direction in regard to the 
heavens, in eTerj part of its orbit. 

This angle of inclination causes the declination of the sun north 
and south of tlie celesdal equator, during each revoluiion of the 
earth around the sun. It is, also, the principal cause of the deoli- 
nationa of tie planets; the different seasons of the year; and the 
different lengili of days and nights. 

EQUATOR. 

Tlie Equator encircles tie earth at right angloa to the axis, and 
is equidiatant, or 90° from its polea ; its plana diyidca the earth 
into two equal parts, called northern and southern hemispheres. 

I'he plane of tlie equator, if extended to the heavens, is called the 
celestial equator, which faaa an angle to the plane of the ecliptic, 
(like the angle between their aiea) of shout 23° 28'. 

The motion of tlie earti around its axis is uniform ; but the Te- 
locity of the earth in its orbit around the aun ia unequal, the mean 
of which is 59' 8" each day. The aun wiU therefore return to any 
giTBH meridian each day in unequal times ; hence llie difference be- 
tween apparent and mean time, called the equation of time. 

A tropical year is 865 d., 5h., 48m., 49 9, A sidereal year, rec- 
koned in mean solar time, is 365 d., 6h.,9m., S. 6h., and reckoned 
in sidereal time, is 366 d., 6 h., 9 m., 9. Gs. 

The reason of this difference ia; the earth has moved onee around 
the aun in its orfcit the same way the equator movea around its own 
axia. The earth must therefore complete one revolution and 69' 
8" on its aila each day, to briug the snn to the same meridian 
This is called solar time. 
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The eartL has pTeoisely one reTolutioa on its axis from iJie trjmdt 
of a fixed star to the next traniiit of the saoie star, which is a aid&- 
realiSajof adhoura; but,if reckoned in mean solar time, itis23ii., 
56m., 43., 9'". 

An astronomical day commencea at noon, and is reckoned from 
one to 24 hours suooessive! j ; the civil day commences at the pre- 
ceding midnigbt, and ie reckoned from ! (o 13 boorB, twice in a ciyi 
day; therefore tke laat 12 hours of tie ciTil tiay correspond to the 
first !2 hours of the astronomical day. All aslronomieal calcula- 
tions are computed In astronomical time. 

LATITUDE. 

Latitude on tiie earth is reotoned north and south of the equator 
in degrees, etc., of the meridian, to tlie poles [or l)0°.) Difference 
of latitude is au aj;c of the meridian, hetweon any two parallels of 
latitude. 

LONGITUDE. 

longitude on the earth is reckoned east and west fl-om any prime 
meridian, in arc or time to 180° or 12 houi-s. Difference of lon- 
gitude is tlie difference in are or time, between any two meridians, 
reckoned on any parallel of latitude. 

ECLIPTIC, 

The Ecliptic is a great circle of the hcnTens, and its plane is the 
extension of th« plane of the earth's orbit, indefiaitely, into space, 
or the starry lieavens. 

The sun is always in the ecliplic, and the orbits of all the planets 
cut or intersect the eeliptio at opposite points, called their nodes, in 
which only eclipses occur. 

ZODIAC. 
The Zodiac is an ima^nary bolt or circle of the heavens, and oo- 
capies a apace of 8° on each side of the ecliptic ; within which all 
the planets appear to perform their rerolulions around the sun. 

DECLINATION. 
Declination of a heavenly body is reckoned iiocth and south of the 
equatorial plane. The complement of the declinaUon of a celosttal 
object is ita nearest polar distance. 
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BIGHT ASCENSION. 
The right ascension, of heavenly bodies is reckoned in time front 
the first point of Aries, or the vernal ei^mnos, around in the order 
of tlie signs, on tie equator, to the same point again. The longitude 
of heayenly bodies is reckoned froni the same point, and in tha same 
order on the eclipdc, in degrees, eto., as right moeneion is reckoned 
ia time on the ei^uator. 

ALTITUDE AND ZENITH DISTANCE. 

The altitude of a celestial object is the aogle in which it is ob- 
served above the hoiison. The zenith distance of a heavenly body 
13 its angular distance from fJie aenith, or point directly over head 
of the observer. 

HORIZON. 

An observer has two horiions, the sensible and rational. The 
sensible horizon is a circle at the extant of view ia all directions, on 
a horizontal plfun, or on the ocean. The plane of the raOonal hori- 
mo divides the earth into two equal parts through its centre, paral- 
lel to the sensible horizon; it is, therefore, the semi-diameter of the 

REFRACTION AND PAKALLAX. 
The atmospheric refraction causes a heavenly body to appear 
above its true place in the heavens, eioept it be in the zenith. The 
parallaj: of a celestial object ie the difference in alUtade that ivonld 
appear between an observatioa m&de from any point on the earth's 
surface and from its centre. Therefore, parallax causes heavenly 
bodies to appear below their true place in the heavens, eicept they 
are in the lenith ; hence the corrections for parallax ond refraction 
of instrumental observations on celestial objects. 

AZIMDTH. 
The aiimuth of a heavenly body is reclsoncd on the horizon of the 
observer, between a vertieol plane of the meridian, and another ver- 
tical plane passing through tha centra of the celestial object, to the 
zenith of the observer. In other words, it is the true bearing of a 
heavenly body referred to (he horizon from the meridian. 
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e generally reckoned from iJie north in north latitude, 
ond from the south in south latitude. 

The amplitude of a heavenly body is its true coursB or bearing at 
rirfi^ or Betting, from the east or west points of the horizon. 

KAUTICAL ALMANAC. 

Blunt's Nautical Almanac and Aatrononiieal Ephemorls, (on ac- 
count of its sise) is the most oonvonient that has jet been pnij- 
liahed for the Burveyor to take data from, for tlic use of the solar 
compass. The heading of each page and column is ii sufficient ex- 
planation of its contents and use. 

Thii almanao is adapted to mean coon at Greenwioh, England, 
Bscept the Sim's doolination, which is more properly given for ap- 
parent noon. 

It will be seen that the quantities in the oolnnms are continually 
varjing from day to day; therefore some reduction is necessary to 
adapt tbem to any other time or longitude, than iiat for ■which they 
mere registered. This la accomplished by applying tie hourly dif- 
ferences, whore they are given, according to their dga or precept ; 
and where the liourly differences are not ^ven, take the required 
proportional part of the difference between the preceding and snc- 

gistered quantities, according as they are increasing or decreasing, 
as the case rei^uires. 

FIXED STAES. 
The following table of the mean places of 35 fised stars has been 
selected from the Nautical Almanac, for January 1st, 1854, for the 
purpose of night observation witli the solar compass. The sign -|- 
prefixed to an annual variation is to be added to, and the sign — is 
to be si^tractedfrom the right ascension: also, for stars having jiorth 
declination, -[- signifies add, and — sJiblract,- hut for Etars of aoulh 
declination -|- denotes that the variation is to be eubtracUd/Tom, and 
— that it is to be added to the declination. 
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FIXED STARS. 
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LATITUDE BY THE SOLAR COMPASS. 

After &e solar eompasa has been oorreotly adjusted in all of its 
parts, ita future usefulness depends upon findiag the latitude as 
given by the instrument, dt the place whar« it is used. 

That it may not berepeated again, hereafter, it should be remarked, 
that in all obsorvations wiUi the solar compass, it must bo plaeed 
on the tripod, nud aoeurately levelled, with the latitude arc turned 
toward the equator; esocpt, that nheu making an observation on. 
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the- pole -Star, it must be tunied in that direnLion. This oan be done 
approsimfttely by the magnotio needle. 

Thus prepared, set off the sun's dedination for noon on the de- 
clination are, aJlowing for ila indes error, if any, and the sun's me- 
ridional refraotiou, also, adjust the latitude arc opproximataly to the 
latitude of the place, and the cevohing limb u. at Its true zero point 
on tlie hour aro i. : in other words, for noSn. 

Commence the obserrayon for latitude dhoiit fifteen minutes be- 
fore the sun. culminates, by turning the instrument horiaontally on 
ita lower axis, so that the sunis image will fall between the hour 
lines on the fuher plate, and rnisa or.lower the latitude arc, if neces- 
sary, to bving the sun's image between the equatorial lines. Tlien 
follow the motion of the auu, by turning the compasa horizontally, 
at sbort interrala of lime, and adjust the latitude arc, to keep the 
eun's image between the equatoriril lines, until he culminates. The 
latitude of the station can then be read at the yernier of the latitude 

The same method maj be pursued by night to determine the lati- 
tude by an obserTatiou on any celestial object within the lodioo, 
tiewed through the equatorial sights. In malting these obaecra- 
tions, it will aomelimes ba neceaaary for an assistant to hold a lighted 
candle a, litUe behind aud above the head of the observer, in such n 
manner that the equatorial sights can be seen ; but not so bright na 
to obscure the star, 

LATITUDE BY THE POLE-STAR. 

It should be i-emarked, that the latitude given by an observation 
on any heavenly body within the zodiac, ia read direct on the lati- 
tude are; but when the latitude arc is turned to the north for on 
observation coi the pole-star, or some other star near, the pole, tliB 
latitude arc wiU read Uie oo-lalltnde of the station; it mast, tiiere- 
fore, be subtraoted from 90° to obtain the true latitude. In these 
latter obaarvatlons, the polar diatance of the star must be set otf on 
tiie declination arc instead of its declination, aud if the upper meri- 
dian passage of the star be observed, the declination are must be 
turned toward it; but, if the lower meridian passage of the star be 
observed, the declination arc muat be tnme'd from the star. 

Bee sixth adjustment to iflnd the index, error of the latitude are. 
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To find &e time of the median passage) of flie pole star, add 
6 hr. S9 min. to Uia iime of its elongation. 

TO FIND THE TRUE MERIDIAN, AND HORIZONTAL ANGLES 
FROM IT ; ALSO, THE VARIATION OP THE NEEDLE. 

Clamp tho sigtit of the oompiwE at or sera, anij adjust tlia lati- 
tude aro to the latitude of the plaoe; also, set off the aun'a decliuii- 
tlon for tte timB of day, allowing for iodei: error, if any, and the 
san'a meridional refraction; tlien bring the sights of the oompa.?a 
approsimatoly into the meridiao l)j the needle, and the solar lenses 
into the direction of the Bun; if the aun'a imnge does not fall between 
tlio equatorial lines, turn the instrument horizontally, and the to- 
ToWing limhii. on its asis, in a manner to bring the sun's imago be- 
tween tlie equatorial lines, allowing for refi-antion, if required; then 
the compass sights will bo in the true meridian. Now if the needle 
g. be lowered on ta its pivot by the lever r., its variation from the 
true mBridian can be read, and set off on tho aro for that purpose ; 
t!ie tangent screw of the vernier limb is seen at h. and d. (See 
Plate 1.) 

To set the sights of the compass to any other course or angle fl-om 
(he meridian it is only neoessary to unolnmp the under plate from 
the upper, and tarn the eights ta tlie course required. Hie angle of 
wluch can be road at the vcmiars d. d. 

Observation.? for the same purpose oan be made in the night, on 
any celestial object within tho zodiac, by the use of tho equatorial 
sights, instead of the lenses ; and by observing two stars, one east. 



and the oHiBr wsEt of the meridian, the variation of tlie needle, or 
the oourae of u line, may be more a«earately dsfiuetl. 

ZENITH DISTANCE AND ALTITUDE. 

Ciamp the compass sights to 90°, or foe an E. and W. course, also, 
set off on tka deelinatias arc 33 degrees, and bring the revolving 
limb V to zero or noon on the hoar uro. Then by turning the in- 
Btrument horizontally on its lower axis, bring the aolar lenses and 
equatorial eights into the diveotiou of the sun or star to be observed, 
and raise or lower tlie latitude arc as the case requires, until the 
sun's image falls between the equatorial lines, or the star is seen 
through the equatorial aiglits. If the observation be made with 
the daolination ore turned fram the object, 23 degrees roust be 
added to the reading of the latitude nro, to obtwn the aenith'distanee 
of the object observed; but if the deolioatiou ace is turned toward 
the object, 23 dagcfles must be subtracted from the reading of the 
latitude arc, to obtain the zenith distance. 

If the lenith distance be subtracted from 90 degrees, the altitude 
of the object ttiIL be had. 

TIME OF DAY BY THE SUN. 

Afler an obsei-vation is made to dotermiue the variation of tliB 
needle, or the course of a luie by the aan, bring the revolving limb 
to one division on the hour arc ia advance of the sun, then observe 
the movement of the sun's image to tlie instant it amves between 
tlie hour lines, and correct for indeK error of the honr arc, and the 
effects of refraction, and the hour angle from the meridian at that 
time, expreesod in degrees will be had, which may be converted 
into time by allowing 15 degrees for an hour, and for each degi-ee 
fonr minutes of time. If mean time ie required, add or subtract 
the equation of time according to its precept, and mean time will ha 
had. 

nUENAL VARIATION OF THE NEEDLE. 

It has boao found by numerous observations, iliat the diurnal va- 
riation of the ueed^e is more in summer than in winter months, Rnd 
tho amount of these aberrations is more or less on different days of 
the flame season of tlie year, and is probablycansedby heatand oold. 

But tjie order in which tliese diumal changes take place, can bo 
a, little more clearly defined. The nortli end of the needle will ar- 
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rive at its moat eastevly declination between one and two hours after 
sunrise. It will soon after gfaduallj deoUne WBsterij until on© or 
two o'olooli, P. M., soon aftev whioh it will deolioe eastward, and 
at sniiset it will have retnmetl half way back to where it waa in the 
morciffg. Its daily movement may be better understood by an ei- 
amination of the following table : — 
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THE SOLAR COMPASS. 

n that the average variation for eiglitfloii liaja 
Lt 51i., 80m., A. M., 13 1° S^ 50", E, 
It 1 h., 00m., P. M., is 1" 25' 37", E. 



TIio (lifference of these numbers gives the diarnal vi 
followB: — 

Between morning and evening— S' 27", 
Between morning and noon — 14' 18", 
Between noon and evening— 7' 46".- 

From these facts it niaj be aean, that the variation of the needle, 
as found at one time, cannot be safeiy relied upon in running lines 
at any length of time subsequently. Henee the importance' of find- 
ing its variation at the time the line is being run. 

To guard against errors oocarring on aooomit of the variation, 
tlie surveyor should at Che end cf each line, or at the point where 
the variation of the needle is fouacl, for the purpose of running a 
line from it at some future time, take the bearing of some distant 
object, and make a note of the same. On resnming the work, if the 
Bun shoald be obscured by clouds so as to prevent finding the varia- 
tion of the needle, he can observe the course of the same objeot again, 
and the difference in its course, if any, is tlie change of variation, and 
must be allowed for to correet the variation previously determined. 

Local attraction, also, so freqaently changes the direction of the 
needle, that the surveyor cannot safely extend his line far without 
an observation to find its variation ; and it wi^ be frequently found 
that a little delay for this purpose, will more than compensate for 
all tho supposed, a^lvsntnges of running the line without it. 

TO FIND THE MERIDIAN PASSAGE OP A FIXED STAE, 
AND ITS HOUR ANGLE AT ANY HOUR OP THE DAY. 
Subtract the sun's Eight Ascension for the day and hour of obser- 
vation, from the Star's Right Asoenaion, borrowing 24 hours for tlie 
latter when necessary, and the difference will give the star's meri- 
dian passage ia solar time; if mean time be required, add to or sub- 
tract from the solar time, the equation of time, according to its- 
precept, and the meridian passage of the star will be given suffi- 
ciently near for that purpose. Then, if the hour of observation, 
(astro QOmical time) can be subtracted from the time of the star's 
meridian passage, the star's hour angle, east of the moridianwill be 
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giren; Ijutif the mcridiiuipaasiige of tlie Btarlje Bnbfractedfromtlie 
hour of observation, it will give its hour angle, west of the meritiian. 
And thus it may be determined what stiics ore most faTourably sd- 
tnnted, for the purpose of finding tlia variation of the needle, at any 

If ajiy one of tJia fisad stars named iu the preceding table are 
not truly known to the observer by the geography of the heavens, 
it is necessary to find the time of meridian passage in ordec to know 
the star's hoar angle at the time of the proposed observation. 

This bdug known, get the instrument to the star's declination 
an 1 the equatorial ^gh Is to the hour angle of the star, on the hour 
arj, then bring the sighta of the compass into tbe meridian as near 
as may be by the needle ; the equatorial sights will then direct the 
eye, nearly, to the star sought for, and by a little mo7ement of the 
instrument horizontally on ita lower asis, bring Hie line of sight to 
bear directly on the star, and the observation is complete. 

THE EFFECT OF EEFRACTION AND PARALLAX IN THE 
USE OF THE SOLAR COMPASS EXPLAINED. 

The equatorial and hour liaes of iJie solar compass will vary their 
SDglas Crom tlis horizon, ns the oltjeot oliserYed bj the instrument 
recedes from, or approaehoa to the meridian of the observer ; and 
whan at 90°, or six hours from Ita meridian, the eqaatorial lines 
will have an angle to the horiion, equal to tha oo-latituda, and tlia 
hour lines equal to the latitude of the place of obsacvntion. Now if 
the equatorial lines were at all ^mes in a vertical plane, pnssiaig 
through the centre of the celestial object, refraction would not pro- 
duce any effect in tha coursa of lines run with the solar compass; 
but aa they will liare an angle, as above stated, at different hours of 
the day, a proportion of the whole amount of refraction, according 
to the angle, must be allowed for, whan large enough to produce a 
senable effect in the coursa of the lines. The equatorial linw are 
parallel to the horiion when observing a celestial object on the 'me- 
ridian ; therefore, the whole amount of the meridional refraction, 
must be allowed for, in setting off its deolination. The hour lines 
are only affected by the whole amount of the refraction, orparallai, 
Wiien on the equator, or latitude 0°. 

The effect of parallax of tha suu and large planeia, is too small to 
be regarded, eicept in. the most reftued observations. But the pa- 

°* ,l.".oo*^lc 
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mllas of tic moon is too hirgc to be neglected in any ; for tMa rea- 
son, a table of reftaeljon in altitude is givea in tiiis work. 

Befraotion does not deoreaee in regular proportion to the altitude 
of the object, When a oolealjal olgect ia in the lenitli, it lias no 
lefcaotion or parallai; but when it ia in tiie horizon, its refraction 
J3 33' 51", and at am altitude of 45° about one minute, (more es- 
aotly SS";) the natural co-tangent of the altitude of a heaTOiilj 
body, express nearly its refraotion. 

Tor the purpose of determining with facility the whole amount of 
refraotion in altitude of a celestial object, the compass sights have 
lines drawn across tbem at rarioas distances from the top; at each 
of these lines are figures, which indicate, in miiiutos of a degree, the 
amount of refraction in sltitade of a celestial ol:gect, as seen from 
each line in range with the. top of the other sight. 

From the amount of refraction thus found, subtract the meridional 
refraotion, then the following table will giye the proportion of the 
reminder, depressed in himdredths, te be added to its declination, 
when the latitude is of tlie some name ; or subtracted front it, when 
of a contrary name, from one to sii houra in time, east and west of 
tlie meridian ; also, the proportion of the whole amount of the sun'a 
refraction, to be subtracted in time from his hour arc, in the fore- 
noon, and added to it in the afternoon, to obtain the true apparent 
time. This table will also be useful in observations on the Moon ; 
for the same proportion of the moon's parallax in aldtude, must be 
ftllowed for on the declination arc, in a rererBed order &om that of 
refraotion; in other words, the same proportion of tiie moon's pa- 
rallai in altitade, corrected for refraction, (see table for tliat pur- 
pose) mnst be subtracted from her dedinaiion, when the latitude is 
of the same name, and added to it, when of a contrary name. 

FoK tie purpose of making eorreolions for refraction expeditiously, 
while running lines by the ami, there are three lines drawn below 
the equatorial liuaa, 6' apart, by which to estimate the proportion 
of refraction to be allowed, by bringing the lower limb of the sun's 
image the Bnmber of minutes below the lower equatorial line on the 
silver plate, instead of setting it off witii the sun's declination. 
When the surToyor becomes familiarly acquainted witJi making these 
allowances for refraction, ia nsing the solar compass, he will seldom 
need tc refer to the tables, or to mathematical calculations, to on- 
able him. to raalic a proper alloironee for refraction at all hours of 
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tie day, esccpt wlicn the aun is within 5° of the h 
an observsition by night on a Einr, its reiVaction B 
witli its deolinalion, in tlie mEUiuer before stated. 
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INVENTION AND IMPROVEMENT 



The Barovnetev being at 30 iccliGS, mid the intaiial Tlieniiometer 
at 50, or the exiemal at 47 dcgreee, luith tlie correction for + 1 
iiieJi in the Birometer, aad for — 1 degree io, the Thermometer of 
Fai'enheit. 
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The oorreoidon for am iDcreaee of altitude of one inch in the Baro- 
meter, or for depression of one degree in the Tharmometer, is to be 
added to the tabular refraElioa ; Tjut when the Barometer is lower 
tiion tkirt}) iuches, or tiie Thermoraeter higher than 47 jJegrees, the 
oorreotion becomes subiTaclive. 

When great aoouraoy is required, 0^008 inoh should be deducted 
from the observed height of the Barometer, for eauh degree that the 
Thermometer near it is above fifty degrees, and the same quanlity 
added for an equal depresaion. 
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MEASDKING LINES. 

In the saryejs of the Cniteii States lands it is required, that the 
measuring chain should be two poles, or thirty-three feet in length, 
ftiid eontiuBiiig fifty linlis, Tvhich must be conipareii witJi, and ad- 
justed to the lengtli of the standard chain in the Surveyor General's 
Office, Mid afterwards to he freqaently oompared wiih a standarii 
chain kept by the surveyor for ttai purpose. But all the measure- 
meats, and ealoiilaWons, are kept, aud entered iu the field book, in 
four pole chains, of one hnndred. links. 

The surveyor is required to use eleven tally pins; they should be 
made of steel, and not more than about one foot in longlh, anii large 
eaougli near the points, to oauao them to drop perpendicularly ; at 
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the top end of eaei pin, iv loop or eye eliould be made, in wbich n, 
pieoe-of red cloth maj be fiied, that they may be more reodity 
found, when stuck among weeds, gruas, &c. 

In all measucements the level or horizontfll length ia to be taken ; 
for this purpose, in ascending hills, bants, &o., Ibe chain-men must 
let clown one end of the chain to the ground, and raise the other end 
to a leyel therewith, at tie elevated end of which a tolly pin should 
be plumbed and let fall, to ascertain the spot for setljng it; and, 
when tlie eurfaoe of the ground is Tery steep, jt may be neceEsory 
tfi take so much of the length of the chain as can he raised to a level, 
GO aa to obtain tlie ti'ue horizontal measurement. 

In measuring lines, one of the eleven tally pina must be set at the 
Btaiting-point, and when tbe. remaining ten are set, it is called a 
tally or out, [five chains) and the forward chain-man cries " Tally," 
and each chfun-man registers the distance by slipping a thimble or 
loop on a tally belt worn for that purpose. The back chain-man 
then comes up, and haiing counted, in the presence of his feilow, 
the tally pins which he had taken up, so that both may be aseured 
that none have been lost, takes the forward end of the chain and 
proceeds to set tLem. Thus the cliain-mon alternately change places, 
each setting the pins that he had taken up, so that one is forward 
in all the odd, and tlie other in all the even taJlioa; which contri- 
butes to the accuracy of the measurement, facilitates tie recollection 
of the distances to notable olgccts on the line, and renders a mis- 
tally almost impossible. 

Measurementa with the chain and tally-pins are often rery im- 
perfectly performed by the chain-men, and much more error is made 
than ia generally supposed. It has been found by many trials, witb 
as goodmonas can generally bo obtained, that with two sets of chain- 
men, instructed alike in the proper manner of keeping their chnin 
level and straight on the line, and of setting the tally-pins plumb, 
as well as holding the ends of tha chain to them, a difference has 
sometimes been made of 86 links, and an average difference of 15 
or 16 links to a mile, ia common timbered land. But repeated 
measurements over the same mile, by the same chain-men, and near 
the same time, wiU generally agree within five liidia ; yet after 
several months' employment in the Sold, a measurement of this line 
may not agree so nenrly. Again, the same chain-men will make a 
different measurement to some ostent, over awnmps, marslios, wind- 
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falls aBd thickets, -when there is snow on tlie gromid and uhoo 
there is none, iii cold and in warm waatlier, effecting a oliaago in 
the length of the chain, onti by menBuring fast or slow the amount 
of error to each would be difficult to estimate. Therefore the eur- 
veyor Ehould keep a yigilanf watch over his chain-mon, and see that 
tieir duties are performed in the best manner, to counteract all 
these sources of error as for as praolicable. 

TELESCOPIC MEASUREMENT. 

This method of measuring, when properly conducted, is more 
uniformly the same, and therefore correct, than measurements 
made by the chain by various ohsunmen. It is well adapted to 
measure along the shores of lakes and rivers where obstacles arts 
frequently found of a character to prevent a good meoaurement with 
a cliiun, also for measuriug short dUtauces over streams, ponds, &c. . 

The following arrangement and method of measuring with a tele- 
scope and rod will be found very convenient for meandering rivers, 
lakes, &c. A good telescope must be provided, of about 16 or 18 
inches in length when adjusted for use, with two parallel lines cor- 
rectly set in its principal focus, forming between tiiem, in the field 
view, not less than 46' of a degree. This telescope is attached to 
the Mght of the compass with a suitable fiiture for that purpose, 
when wanted for use. Provide a sliding-rod, such as are commonly 
used for taking levels for canals, railroads, &o., witli two targets, 
one stitionary at the top of the rod, the other moveable, with a 
vernier for the usual readings, on the lower part. 

When measurements with the telescope and rod are to be made, 
the telescope must ha attached to the compass sights and adjusted 
for an observation ; then measure four ohuns from it very accu- 
rately, and place tlie rod at that point, with the targets facing the 
compass, then 'bring (he upper line in the telescope to bear correctly 
on the upper target by means of ibe levelling screws, and adjust the 
moveable tai^et to range witli the lower line, then by observing 
accurately the distance the tai^ets are apart on the rod, when they 
measure the angle fornied by the parallel lines in the telescope at 
the given distance from the compass, the observer will have data 
from which a table may be readily constructed for all other dis- 
tances, of which the telescope will enable the observer to view the 
distance between the targets accurately. It may conduce to the 
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!s of tbis tneUtod of mef^uring to make observations at 
Tarioua distsnoes, to test the aeeuraey of the table thua formed ; 
after this, the eviwejor maj feel a oonfidonoe in tbe oorreotaeas of 
his measarements with the telescope and rod- 
Lines mo and measured by this an-angement along the shores of 
lakea and navigable streams are most ootiYeiiieatly and espediUonsly 
done -nitli two skiffs or oonoes, or eTen with two light rafts, with 
the compass in oae and the rod ia the other, which con bo landed 
at suitable points and distances apart on their shores ; thezi, after 
the bearing and distance between them has been taken, the compass 
can be moved, with the sMff or canoe, to the position occupied by the 
rod, and the latter again stationed at the nest suitable point, and 
ils conrse and distance token as before, and so on to the close of the 
survey. 

In all obaerrations, care should, be taken to hold the rod at right 
angles to the line botwccn it and the compass; but it is often neces- 
sary to lean the rod at right angles to this Une, s 
a level witji the horizon; in all such cases, the t< 
rolled in the j's to bring the parallel line at right angles to tbe rod. 
By this method, the shores of lakes and rivers, however difficult 
to be measured wilix the chain, may be correctly meandered by 
course and distance, ivithont encountering the obstacles on shore 
with the compass and chain. 

To prevent confusion or mistake in tlie looalily of the different 
stations and notaWe objeete on the Iwid or off the sliore, a tempo- 
rary map should be fVilly kept up with the survey, on which each 
object mast be rcpresonted in order to fui'niah dala foe the con- 
struction of a good and correct map. 

No Bucveyor, however, should presume to meander imporirait 
surveys by this method, except he has previously made the neces- 
sary prcparataous, and has qualified himsdf by some practical 
experience beforehand. 
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CONVENIENT METHODS TOR MBASURINa DISTANCES OVEE 

EIVBES, LAKEb, MlRl -MARSHEb, ETC.; WHICH CANNOT 

BE MEASURED DIRECTLY WITH THE CHAIN. 

It may 1)6 rematkB^ here, fliiit in surreying large districts of new 

oounlrj, many obsticloa of this kind are to be espected, ami are met 

with. Bometimes uniJer many difiBalties, such oa the direction and 

Bwampy or thiokety oharaetec of their shores, also, the ajmoyanee 

felt hy the presence of ineveasiag swarms of blood-thirsty flies 
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METHODS rOB MEASUaiHO 

a right-angled base to the course of the line I 
sua be readily done if oare be tatea to run o 
at such angles tliat their latitude and depart 
the traverse table. 

FiaUEB 1. 
Distance required over lake from j1 to C, course East, — right- 
angled base,— from ^ to B 690 links. Angle at C 20° 20' 

Natural co-tangent of the angle at C, =2.698525 

JlultJpKed by base A. E. 690 



Over lake 1862 links 
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FIGURE 2. 

ffistanoe requireii orer lake from D to F, course 17681. — From S 

to E, S. 20° E 753 linka—giTBs 707 links soTithing, wLich is the 

riglit-nngled base K G, and 257 links easting fram D to ^. Anglo 
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FIGURE 3 
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Co-tangent of the luigle 16= 38' at T, 
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DISTANCE OVER A BIVER BY "OFF-SET." 




FIGURE 4. 

In mnning a line north, intereeot the right bank of a river at A, 
(course N. N. E.,) and erect an olijeet, turn the qompass Hglita to 
wast, to an object at B, and pass over the riTer to it, then rua and 
measure a line nortJi to C, aad ■■off-set" eiist into line at I*, the dis- 
tance between A and D will be equal to the distance between B and 
C. Or, if a line be ran and measured from A, N. 60", B, until on 
object in line at I> bears N. S0° W., the distance A. D. will be twice 
that of A. E. , for the reason tbat the triangle thus formed is one- 
balf of an equilateral triangle. 

Frequently off-seta are made in passing small lakes, bends of rivers, 
etc. : Bomolimcs the distances can he advantageously taken over 
Buch obstaolefl, with tie telescope and rod, {see article, Telescopic 
MeasuremenL) Also, it often happens tliat a suitable angle can be 
taken, iind the ba?e to that angle measured afterworfs; in such 
eases ihe distance can be taken from the traverse table ; but if no 
traverse, or other proper tables ai-e at hand, tlie following angles, 
on a right angle base, and the multiplier to it, will give the distance. 
These may be eommitfed to memory. 

Anglo 11°, 18', multiply the base by 5, 
" 14, 2 multiply tlie base by 4, 
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SHOUT METHOD OF FINDING- THE AEEA OF A 
MULTANGULAR FIELD. 



To redaee suoL a field the only insti-mnoiits raquirod, after the 
moandei-a are properly Jaid down, are a good paroUel-rnle,* and a 
fine pTotraciJug point. 

In the preoedmg fignre first extend the base Effto an indefinilo 
length ; then placing the rule on the angles I and 3, move it paraHcl 
troia the angles 1 and 8 to (Jie angle 2, and mark the eiact point of 
intersection at A, on the hase EM. Now pl^e the rule on A and 
the angle 4, then moye it parallel to the angle 8, finding the point ^S 
on the base MS; place tha rule on Ji and the angle 5, and mose, 
parallel, to the angle i, finding llie point O on the base Elf, How 
place the rule on the point C, and the terminating point 6 on the line 
MG, and mote the rule, parallel, to the angle 5, finding the point 
J> on the base EM, from whioli point draw a line to 6, the prooesa 
then being complete. The line D 6 thus drawn leares the same area 
of lake to tlic left, tliat there ia of land to tio tight. 




Any figure may be calculated upon the same principle hy drawing 
a base and erecting a perpendicular line ftom it, passing through 

sTho tvittnijle and the rah nfe the best. 
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the figure. PJaoe fha role nt n and c. tlieii move, parallel, baci to 
b, marking the point 1 on tlio base; tben from 1 to d, and move for- 
ivavd to c and bo on to the angle at t, leaTing s. triungle to the right 
of the pci'pendionliir. Proceed in hke manner nith that portion of 
the figure to the left of tlie perpendicular lino, throning it into two 
tiiiLtigles. 



CROSSING RIVERS AND LAKES. 



a. ■witli oonvenient methods of meiiauring d 
over laiea and rivers, it ia proper to talia notice of the means em- 
ployed, by the most experienced survejorB, foe the transit of tlie 
Bufveying party over Buoh watera, irhen fording them, or trarelling 
around their shores, is impracticable, or causes too much delay. 

For thia purpose floats or rafts made of logs, of the most dry and 
buoyant timber at hanti ia used, and Trhen formed into n raft, its 
length should be about four times its breadth ; with tliis propordon 
the raft will steer better, and pass through the water with more ease 
and expedition, than broad and short rafta. 

The following is a safe and espeditioos taethod of ootiBfiuoting 
thasB floats: — At a convenient place lay two aliida, at a snitable dis- 
tance apart, parallel to the shore, and near to the water, place ou 
these two logs, twenty feet long and one foot diameter, which are 
to be the outaide logs of the raft, and at about two or three feet 
from the ends of these, make with an axe a docstail notch three or 
four inches deep, and aboat as wide on their opper aides ; then fit 
into these notches a cross piece, or tie of a snitable siie, and wedge 
them there firmly, ho that these logs will not he separated on the 
water ; then before or after launchicg this into the water, as oon- 
Teoienoe may suggest, fill in nndernealh the cross pieces, between 
the oajaide logs, with smaller timber of the same length, and tie 
them to these pieces, or fasten them by means of a dovetsul notch.' 
For crossing deep water, where poles cannot be naed, paddles, or 
oai'swill be needed: they can he split out of a log and hewn into the 
proper shape in a few minutes. 

With the whole force of tlio surveying party, it will require from 
one to two hours to construct a raft of a snf&oieht siae to pass theia 
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RUNNING LINES WITH THE SOLAR COMPASS. 

In coraniBaeiag a siiiTBy whEre tlia liitltude, as given ty tlie in- 
Btrament with wliioli the sarvey is to be made, is imlmowii, the aur- 
veyor ahould firet determine the latitude of his oojnnienoing point. 
He should remember, that in running any other than an east am] 
west lino, he is oontinuallj changing his lutituda, so that every 
ninety-two chains and thirty links, of northiug, or souUiing, will 
chnjige bis latitude one minute of a degree, or 6' 12" for sIk milea, 
and a eorrespomling change of latitude must be set off on the lati- 
tude aro. During ilio progress of a large survey, the suvreyor 
should determine lis latitude daily, if practicable, by the meridian 
passage of the sun, to test the oorreetneas of tlie adjustmonta of the 
latitude and deolinaiion arcs. 

It is equally important that the sun's deolinatioa be truly set off 
on the declination aro, for the time and longitude of the station, as 
it is that the latitude arc be truly adjusted to the latitude of the 
place of observation. 

The following niothocf of preparing the sun's declination, as taieu 
ftMm the Nautical Almanac, for daily use, in any longitude, will tie 
found useful in praotioe: 



To caloalat« the sun's declination for all hours of tlio daytime 
for May 13th, 1854, in Infitude 42° N., longitude 120° ¥., or eight 
hours before noon, local time, corraeponding to Greenwich noon. 
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46 THE SOLAR COMPASS. 

To calculate llie Sna'a declination for August 25tli, 1854, for all 
hours of the daytime, in latitude 45° N., longitude 90= W,, ov Bis 
Jioucs befotfl noon, local time, oorrespontling to Greenwich noon. 



Tlje cdouIatioDS for the sun's declination for each houi' of Uie 
^ay can iie wade ofler the preceding forma, on blank leaves placed 
in the field book, where they would be required tbrongh the day. 

In the following taWe the hourly difference of the ann's declina- 
tion, aa given for the day, in the Nautieal Almanac, will be found to 
the nearest second in the left hand column, and the cbange of de- 
clinalion for any number of hoars to twelve, will be found against 
it, under the tour at the head of the columns. 

This tal)le is useful when Ihe sun'a declination is required for any 
number uf hours up to twelve, before or in advance of Greenwich 



Suppose tho atm's deolination ia required for September 6, 1854, 
at2h. P. M., in longitude 120" W., or 8h. in time W. of Greenwich, 
then 8-!-2=:10 hours. The sun's declination at Qreenwich aoon is 
6' 28' 53" H. ; hourly difference 56", against this. In the above 
table, aad under 10 hows, we find 9' 20", which subtract from 
G" 28^ 52"=6'' 19' 32" for .the sun's declinadon at the time and 
place required. 
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IS with the aolar compass for the purpose of running 
lines, or to determine the yariiition of the needle, should not be made 
■when the sun or other eeleatiol object ia nearer than 8°, or thirty- 
two minutes of time from the meriilinn: nearer than this, the obsec- 
Tations may not give the coarse requirecl suifioiently correct for the 
ordinary purpose of running lines. 

The beat part of the year for running lines with the solar compaag 
ia the summer season, or when the lidtude and the declination of 
the sun are both of the Siime name. During this portion of the year 
there ia usually the laost fair weather for work of this kind, and 
the san's altitude being generally higher through most of the day, 
affords niore frequent opportunities iu the forest to adjust the ju- 
stniment by the Bun, to the course of the line. There are, also, 
more hoai-s of the day in -which the solar compass can be used; the 
advantages of this will be fully realised whea running lines in tliiokly 
timbered land, or in hilly or mountainous disUicts, when their sum- 
raits intervene between tlieinstmment and the sun, until a late hour 
in the morning and early in the afternoon. 

From the principles already given in regard to the use of the solar 
compass, it will be perceived, that it requires more skill to use it 
with facility, than it does to use the magnetic compass ; tlierefore, 
the surveyor should acquire tliis skill, before eutering upon any im- 
portant survey. 

More line can be run with tlie solar compass in a day, than with 
the magnetic compass in the same time, if both instruments are pro- 
it it requires less fime to adjust die 
m the sun, than it does the magnetic 

Sip 03 shed the fact, that n continual line 

the needle, tivrongh heavy timbered 

g J limber, except lopping a bush oc- 

oal in meut and the sun. Therefore, lines 

n ro ny mineral region or other country, 

h nl ctions or variations may be on the 

m gn w aoy not attdnable with the magnetio 

m as ak ej of new districts of country, eape- 

le local attraction, it is important to 

eeille frequently, and make a record 
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During the survcjs of the mineral region of Late Superior, it was 
diBooverBd that all mineral velua in that oountry had an influonce, 
more or iese, on the dirctction of the ma^neLic needle, ita North end 
being genevallj att['acted towards tbe metallio vein. These indica- 
tions led (and no doubt will to a, greater extent in fnturs) to the 
discovery of mineral veina of various kinds in that and other regions ; 
bat the influenoe of metalUo deposits oq the magnetic needle, ao- 
cording io their varioas qualities, courses, distances, depths, &o., 
fi'om the instrument, are aa yet imperfectly understood. 

It is to he hoped that this sutueot mil receive, m future, that at- 
tention whioh its importance requires. 

These aberraUoDS in proximity to metallic deposits, suj^gest b) the 
mind that they may be oansed hy gaWanie currents, which circulate 
around the earth, and become deflected out of their general course 
by the metallio veins being a better conductor than the surround- 

Gohronio currents conducted by any metallic subatanoe always ia- 
fluenee the direction of the magnetic needle, and incline it toward 
a right angle to its course ; metallic deposits may also, in connexion 
■with the various roolts and other substances in which they are im- 
mediately enelosed, form in tliemsolvos, local galvanic batterjes, of 
greater galvanic intEnsity than is generally circulating in their vi- 
cinity, and thus di£use an infiuence around them at considerable 
distances. 

If these suggestions are correct, they seem to point fo metalliB 
deposits, in conaeiion with other substances in which they aJ-e en- 
closed, as the producing cause of the galvanic currents which cir- 
culate ooQtinuallj around the earth, nearly at right angles to its 



CONVENIENT RULES FOB. CORRECTING THE COURSE OF 
RANDOM LIKES, WHEN THE CORRECTION DOES NOT 
EXCEED 200 LINES TO EACH MILE. 

Rule for half a mile, or forty chains. 
From the number of links to be corrected in that distance, sub. 

tract one-seveBth ; the differenco nill be the number of minutes of a 

degree required lor ll 
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Nnmliei- of linka to te coi-reotod, 42-— 3=36' i 



Ruin for one mik, or eighty chaina. 
From half of the nuiaber of links to be covrentei in that distance, 
enbtraet one-seventh; the differenee mill be the number of minutes 
nf 11 degree required for the oorreotiou of the course. 



Number of lints to he corrected, 70.^2=35—5=30' answer. 
Btde for three mOes. 

DlTide the whole number of linka to be corrected by acvan ; the 
quotient will be the number of minal«s of a degree required for tlie 
correction of the course. 

Number of liniia to be oorreoted, 297h-T=42=' anBivcr. 

Bale for aic miles. 

Divide one half of the number of links to be corrected by BcveTi; 

the quotient will be the number of minutes required for the coc- 



Number of Jinks to be oorreoted, 370 -=- 2 «, 186 .^7 = 263/ n-as* 

Tlie distances given for oorreotions, in the above examples, arc 
tliosc for which corrections are generally made in the surveja of the 
publio tads, imii the calculation for the ooiirise of tiie corrected line, 
can generally be mentally made by tiie surveyor, while he is ooeu- 
piad in adjusting his instrument. 

For other distances, when the correction does not exceed 1° 45', 
divide the distance run, by the nniiiber of links to be corrected in 
the length of the line ; the quotient will be the natural oo-tangont of 
the oorreotjon to be applied to the random course. 

In the following table, the angle of correolion is g^ven in the first 
colmnu from I' to 1' 40'; and against each angle the departure is 
given for distances one, forty, eighty, and two hundred and forty chaiim, 
or t7me mifes. These distances nrny be reckoned aa tens, hundreds, 
llunisandi, if the position of the decimal point in each departure be 
changed accordingly. 

The departure under distance one cliain is of course (he naMral 
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ine of the angle; therefore, if it be mnltiplied by tlio (list 
u any angle, the product ia the departure. 
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52 THE SOLAR COMFASB. 

TABLE OP LATITUDES AKD LOiSOITUDES. 

In the nee of the Solar Comptiaa, it is necessary to know opprosi- 
mSitely at least, the Longitude of the place where the instrument is 
used, for the purpose of taking out of llie Nautical Almimao, the Sun's 
declination, &c,, and reducing them to a time, and Longitude of the 
place of observation. 

For this purpose, tte following tabular statement of the latitude, 
and longitude from the meridian of Greenwich, of some of the most 
important places, in North America, are given. 



AmwtJ'(Kii& -■ '. 

ApriEt]eIe!snds,(LakeSupei 
Augusta, (Stata House,) 
SBltimore, (TaoDameiit,) 
BBllevue, (Am. rur, Cos,' Trading 

Post, MisBOOrl River,) 
Boston. (Stata Ilonae,) . 



Chnr eslon {St. MIeh.'a Ch.,) 



BwliiB Hb fconi 
ViOs of St. Ant 



TABIiE OP LATITUDE 



ND LONGITUDE 







Trr 


Loso:Tr™Ws.,, 


' 


InDesrees. 


luTime. 


irallRis, 


«.S„. . 


is^ 


6S S8 40 


vii 




lul, '. '. 


39 65 


88 5 


544 20 


JaffecBOB," '.'.'.'. 


MoT"; : 


Uf^ 


92 I 


n§ 


KmnasfliTer, Mourn 0^ . 
Key West Liglit , . . 

Eingslon, .... 


c.*w,! ! 


an 


8148 


il! 


Little EMk 


Ark., . . 








Maria), (CSty of,) . . . 
MilledieVllfe, . . . . 

MDuthofUQBaonHRlTer, - 
MabU«, ..... 

E&, : : : : 

Moniroal, .... 


Mej:,, . . 

&,; : 

IX: : 


19 25 49 

S0 412ti 
45 81 


73 SO 


iSJ 


Nebraala, or Platte IUTflr,jBnqtio 

of North andBouth Horka, 
NBW0rleaM,(CIt7Hall,) . 


la, : : 


M67 30 


IDl 31 24 


645 2. 


PtttsbUTB, .... 
Point ConMptlon, . . . 
tolatBndBon, . . 

"Si.;.""-.'-.'".""' 


S...,: 


40 32 


SSSm 


8lJi 


CneDeo, (Cltade!,) . . . 


O.B., . . 


46 49 13 


Jllfl 


4 46 4 


Riel.mond,(Capli=« . . 


v=., . . 








Saeliett's Harbour, 
StPanl's, .... 

Sprii^flola,' .... 


Cal, . . 
N, 7., . , 
Min., . . 

Iv°'": 
iii, : : 


88 34 42 
4162 13 

IP 


■ST- 

93 ISi 

05 13 23 
122 20 15 
OB 1 23 

12 40 13 


6 12 19 
S18 3» 


TorontoorToA,(ObaerV.,) '. 
Tusodoosa, .... 


Ala., , 


ii"' 


S13S 
79 21 30 


660II 








It 130 




l™t, 


Me., . 


43 10 


70 Ml 


4 42 40 



The kt«st and best maps of North America ahoir the longitude 
all .places within. Its tonQdary BufEciently nenr for the pui'pose 
reducing the sun's deoliiiEttion to their meridians. 
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RUNNING PAEALLELS OF LATITUDE. 

Pawillels of lalitnde are curved Uaes, and they increase in enrva- 
turs from the eqnafar fo the poles, and cross all meridians at right 
angles. All lines rua at any angle from the meridian, by conraes 
taken at short intervals, paitnte more or Ices (according to tho angle) 
of the ourratare of paraHela of latitnde. 

When the compass is aet to a tme east and west oonrse, in any 
latitude, the line of sight is at right angles to the meridian, and in 
Conaeqaenoe of ihe spheroidical figure of the earth, -which oanaes the 
ciirv.Ltuve of the parallels of latiturie, this line of eight will converge 



BDNHING PAEALLELS OF lATITUDi:. 55 

on tha eqnator. Soma colrectJon ia tierefore duo to eaeh course 
tiikon between afations, tc keep tie liue on tte same pnroUel of la- 
titude. Thia eorreclion, howflTer, ia too small to make any material 
error in tracing the piu-allol, if the stations are not more than 30" 
of lougitude apart; but if larger than this, tJio eonyevgeooj on the 
equator should be computed for the distance, and alloned on the 
ride towards the pole. But a more ooaTOuient and practical metliod 
of luuning parallels of latitude, or lines at bdj angle from the meri- 
dian, is to bact sight on each forward si^ht, and take half lie dif- 
ference between their courses, when large enough to be perceptible. 
Thna, the forward and back sights, give double the amount of curva- 
ture between the tiro stadons, the one half of ivhieh mitst be set off 
at the end of the forward a.ght toward the pole, to keep the line on 
the same parallel of ladtade. Any unusual difference between two 
equal stations, must be re-eiamined, and errors corrected if any, as 
the line advances. 

A line run wast six miles, or more, with long stations between 
sights, cannot be retraced by running east in the same jnauDer, for 
the east line will fall towards the equator; therefore attanlion sliould 
be given to this sullgect in running the east and west lines of the 
public lands, when long distances are taken between stations over 

When running a parallel of latitude, if aa object bo obseiwad due 
east or west from any station, lie corroetjon of the course to touch 
the same parallel on the meridian of the object, is equal to one half 
of the angle of convergenoy between the two meridians, which pass 
through the station and the ol:ucot. 

The foUowiug table will show the oonvergcnoy of sir miles apart on 
the parallel of each degree of latitude, and «ic milss from them to- 
wards the poles of the eattlj. 
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To find the oonyergenoy and angla for the fractional parte of each 
degree of laUtude, inerease the conTergcncy ami angle, in pcoportioii 
to the fraotionol part required. The coHTergenoy of equal lengfts of 
meridians with aamo latttude are in proportion to their distance 

The oonTergenoy between any two meridians, whose lengths are 
equal to their mean distance apart, is in proportion to the square 
of the distance given in the table (sii miles) to the square of the 
length required. 



Suppose it is required to find the oonvergency of two meridians 
three miles in length and three miles apart, in latitude 12" (B^) : 
65.4 1:3'! 16.85 Unks. 

Suppose a, station in latitude 42° N. an object is observed due 
east eight miles distant; how far north of the otiieot is the samo pa- 
rallel of lutitnde, of the station from which the observation is made ? 
Proceedaaintheaboveesample. 36:65.4::64:116.27. Onebalfof 
■which is 58,14 links nearly, answer. {See rule proeoding the above 
tiiHs.) If the angle be required that tsonlii touch the same parallel 



P CELESTIAL OB-TECTS. 



CONVERGENCX OP MERIDIANS. 

Rttlb. — As the cosine of any giren latitudB ia to a giicn distanoe 

of J-ongitude, in that latitude, so ia the cosine of any other latituda, 

to the diatanoB of a corresponding longitude; the diffurenee of tlicso 

numbers will be the oonvergenej. 



Baquired the conTei^ency of ti?o range lines tiiat are G miles oi 
480 chaina apart, in latitude 42° 80' north, and extending nortli lei 
townships, or to latitude 48" 21' 48". 

Aa ooHne of lat 42" 30' = 9,867631 

: Longitude 480 chains, = 2.681241 

:; Cosine of lat. 48° 21', 48" =9,861543 

12.542781 



! Log. - - 2.6J5153 = 473.32 subtract 

from 480. chains ^ 6.68 chaina. The eonvergeney. 



Find the angle of oonvergencj between the meridians for the dia- 
lanoB required, tten nm the line at tlie angle thus found, east or 
west of the meridian aa the case requirea. 

AMPLITUDE OF CELESTIAL OBJECTS. 

All heavenly bodies will rise and set to the north, or to the south 
of the east and -west points of the horizon, as their declination may 
lie north or south. 

In oonseqaence of the horizontal refraetion of oeleatitd objects, 
the proper time of taking their amplitude ia Trheu their centers ap- 
pear about 33' above the horiion. 



To tbe Log, secant of the latitude (r^eoting its indei,) add the 
Log-sine of the sun's or atar'a dooliuation; the sum will be tliB Log- 



.'.OO'^lc 



AR COMPASS. 



Log sine of Amplitude, 



S.5G1797 = 20" 52. 



RotB To the tangent of the latitude, add the tangent of the 

Buu's or star's declination, and subtrn^t mdius from their sum ; the 
remmnder is the cosine of the somi-dLumal aro, ivhen the latitude 
and deoljnation are of different names; and of the acmi-Docturnal 
aro, when both ate of the same name. 



Cosine 

Apparent time of 
of the same m 




72<'45'or4h.5Imi 
the latitude ajid declination a 
when thej are of different names. 



EuiB. — Ab radinB is to the cosine of the latitude, so is i 
the hour angle of the celestial object, to the sine of the ai 
eqnatoriai lines with the horizon. 



J radius, 10.000000 

: Cosine of lat, 42° 30' = 9.867631 

:: Sine of H'r angle 30= 00" = 9.698970 

: Sine of angle = 9.566601 i= 21= . 



, CoQi^lc 



Rttlb. — Ab oosine of the latitude, ia to ra 
tli« cfeelination, to Ute sign of the aiimuth oi 



LaUtaite 40" 20', dadimiSon of the pole Btar, Saaaarj lat, 1854, 
88" 82' 7". 

Aa cosine of Ut 40" 20' = 9.882121 

: Radras 10.000000 

: ! Cosine of Decl. 88" 32' 7" = 8.407727 



Rule — Aa radius is to the sine of horizontal paraliar, bo is the 
cosiae of altitude to tho sice of paraUai ia altitude: subtract the 
reitaotion in altitude and the meridioaal refractiou ; take the pro- 
portional part of tills difference ftom table of proportional parts of 
le&mjtion, and apply it to her declination as above named. 



As Eadiua, lO.OOOOOO 

: Sine horizontal paraUax 58' == 8.227184 
: : Cos. altitude 36'' = 9.907958 

L Sine paralloi: in aliitnOe, = 8.135092 = 46', 55" 
Befraction in altitude, 1'20" —2' 8" 

Meridional refraetion, , 48" 

— ii.' 47" Pro- 

2' 8" portional part in latitude 

^6°at3h. ft'om the meridian, 

82 = 86', 43" to t>e applied 

to the Moon's declination. 



THE SOLAR COMPASS. 



Tie moridiimal altitude is 63° 80'. 

Tlie refraction of which is 29", [see table of refraotion.) 
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BAKOMETEE. 

In Tiiew of the many hillj an 1 mouatt n us d h cts jet to lie 
Burvajod, and their chorograph cal and geol g cal ch ooters do 
fined, as vrell as for other purposes the follow ng table and theo 
Terns as j^ven by Sir George Shuckb rgh wJi sJjow in what man 
ner the bnrometer is used for ascortuomg the height of Mount^ns, 
IKUb, &o.» 





j 




j 


1 


1 


1 


11 
Ij 


1 

1 


921-* 
B23-6 
93!- B 


1 


flsa-3 



mnmeter of Tube, 0-26 0-30 0-40 0-46|o-ao 
CorrBotion, . . . 0<J20 0016 O-OOT O-O06 0-1102 



62 THE BAROMETBR, 

RtrtE. — The tlifferenoe between the two bwometers at tlie bottom 
and top of the mouiitam, miiltiplieii by the height of tho barometer 
at the bottom of the mouutain; and that product by the tabular dif- 
furOQoe oorrespoQdmg to tha mean of the thermometers, acd divided 
by the mean between the readings of the barometers, will eqaal the 
amount of elevation in feet. 



:r at the bottom of the moiintain to Btond at 

60"; and the barometer at the top 26,36 

'; required the height of the motmtain. 

As per rnle the mean of the two barometers ^ 28.18 inohes, their 

difiereace ^ 3.61 inches; and the mean of the two thermometers = 

68". The number oorresponding to 53" in the table is 913.0, hauc« 

(3.64 X 80 X 918.0) H- 28.18 = 8537.92 +. The height of tha 



The following are eitraots fi'om the remarks of the late eminent 
Ur. HflJlej: — 

"In calm wealher, when the air la inclined to rain, the mercury 
is commonly low. 

"In serene, good weather, the mercury is generally high. Upon 
Tery great winds, though thej be not accompanied witli rain, the 
mercury eiaka lowest of all, with relation to the point of compaaa 
the wind blows upon. 

''In calm frosty weather, the merenry generally stands high. 
"WiHiin the tropica, and near tJiem, there ia yeryhttie or no 
TariatioD of the height of merenry in all weathers. 

" The greater height of the barometer, is occasioned by two con- 
trary winds blowing towards the place of observation, whereby the 
air of other places is brought thither and accumulated." 

In regard to the course of winds, and their effect on the fiarometer 
and weather, they are variable in different countries, and th erefore 
omitted here. 

Extracts from a Manual pobliehed by J. H. JBelvillc of the Eojal 
Observatory of Greenwich. 

" Heat aud moisture are the principal oauBoa of Oic 
the weight of the atmosphere, and neoessorily in the 
the barometer at the same station." 

"The variations of the barometer, are less witliin the tropics, 
than in tlie temperate and polar regions; they vary in diffisrent 
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n tiie Bame latitude, and they are greater in monutaiii- 
es, ajul islands. In Pcrii, the raage of the mei'oury is 
about one-third of an inch — in London two acd a lialf inoiies, and 
in St, Petersburg, it exceeds tliree inches." 

"It is not BO much tie absohite height, as the actual rising and 
falling of the mercury, which determines tic kind of weatlier liltely 
to follow." 

"Greiit depresaiona at all seasons are followed by change of -wind, 
and by much rain." 

"Rain ID soma quantity may fall with a high pressure, pro- 
vided the wind be in any of the northerly points." 

"No great storia erer sets in with a steady rising barometer." 

9 of the barometer, are always greater in tlie 



"Sadden depressions of the barometer, a 
ther apparently calm. It is almost an establisLed fact, Uiat storms 
JiaTe a circular motion; and, if wben an exhaustion, of sudden 
diminution of the atmosphere to^es place, tlie mercudal column 
happens to be in the partial Taounm or centre of motion, the air wilt 
be at rest; while the surrounding air at a greater distance from the 
centre, will be violently a^tated with a leas fall of the barometer." 

N. B In all obser.adons for this piii-poso, the rise and fall of tlia 

mercury should be reckoned from its mean height at wJiatever ele- 
vation the station may be above the sea lovel. 
ANEROID BAKOMETER. 

The Aneroid Barometer is a new instrument for ascertaining the 
variations of the atmosphere : its actiou depends on the effect produced 
by the pressure of the atmosphere on a metallic bos, from which the 
air has been eshausted and then hermetieallj sealed : the hand of 
the Aneroid can be set to correspond willi tie mercurial barometer, 
by which it should be compared by turning a screw on its back-side. 
This screw when turned with, or against the sun, alters Uie position 
of the hand, aadis not to he touched for any other purpose. 

There is another gilt hand, called fie register or index, nhish moves 
above the other by a nuf or thumb piece wJiich projects through the 
centre of the glass, to enable tbe observer to register the barometer 
hand, by wliioh to refer its movement for another Ijme, or in ascend- 
ing or descending hilla, &c. 

The Aneroid Baroin ctcr oa n be arri ed and used through any country 



6i 



THE BAROMETEB. 



with about the same safety as a watcli, and ia, tLsrcforo, tho moat 
Buitible barometer of any nnw in use, for measuring the height 
of Mils and monntains, in new oountvies. 

The eorreotions for temperature for the Ancvoifl, are seldom pre- 
eiselj the same as for the mercurial barometer; but ilie quantity 
f for thermomelrioal correction can bo readily found, by 
Qstiument to the temperature of the external oir for 
twenty or thirty minutes, and eet the hands coiucident, then pla^e it 
near the fire unlai the thermometer is at ninety or a hundred degrees ; 
the VBiiation of the hand, diTided by the variation in degrees of the 
thennometei', will give the quantity for eaoh degree. 



MEASUREMENTS OF HEIGHTS WITH THE BAROMETER. 

The foUowing table, being an extract from the elaborate table of 
W. Galbraitli, A. M., furnishes another expeditions method for this 
purpose. 

In this table, the third column exhibits numbers in English feet, 
oovrespouding to the height of the baiDmeter (shown on its left,) in 
inches, tenths, and hundredths, the proportional parts t) thouaaudtha 
are given in ooluran headed A. 
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"9009 X 


+ 
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29001-9 
M079-4 

29140-6 
291342 

^92305 
293*52 

292gl>0 
292SS-T 

29SflO0 

20323 4 
293330 
29340J 
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26396 7 
293163 

29463 2 

294S7T 
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At the foot of a hill tlie biuromoter imHicOitea 29.54 inches, then 
carriett immediately to the top of the hill reads 28.70 ine]ies. In the 
table at 29.54 wo find 28824.1 feet, 

at 28.70 TFO find —28070.5 feet, 



eight of hilt 



753.6 feet. 



To perform this operation accurately, when the interval of time 
exceeds ten rainutos between the two observaiions, tivo persona should 
talte eonfamporary ohservalions, -with two Aneroid Baromelers, one 
at the foot, and the other at the top of the hill, and correct each for 
temperature. 
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SYSTEM OP SURVEYS OP THE U. S. lANDS. 

The public lands of (lie United Stataa are surveyed in a uaifonn 
mode established "bj law, by lines run. by the cardinal points of the 
compass; the north and south lines coinciding wiUi the traa meri.- 
diau, and the east and west lines intersecting them at right migles, 
giving to the tracts thus surveyed the reotangulor form. 

The public lands we liiA off and surveyed, primarily, into tinota 
of siK milHB square as- near as practicable, called toimsMps, contain- 
ing 28040 acres each. The townships are subdiTided into thirty-sii 
tracts, caEad sections, each of mhieh is one mile square, as near as 
may be, and contains 640 acres. Any number, or series, of con- 
tignous townships, situated north or soulh of each other, constitute 
a Sange. 

To obt^n and preserve a oonyenient and uniform mode of num- 
bering the ranges and townships, it is usual in commencing tie sur- 
vey of an insulated body of public lands to run, or assume two standi 
ard liiieB, as the ba^s of the survey to be made tharein. One of 
these standard lines is run due norlJi and south, and ia called the 
principal meridian, to which the ranges are parallel, and from which 
they are numbered eastward and westward. The other standard 
line is run due east and west, and is called the base line, from which 
the townships are numbered, nortjiward and southward. 

To distinguish from each other, the systems, or series of surveys 
thns formed, the several principal meridians are deagnated by pro- 
gresdve numbers. Thus the meridian runmng north from the mouth 
of the Great Miaoii river, is called the^frai principal meridian: the 
meridian running north through the centre of the State of Indiana, is 
called the second principal meridian ; that running north from the 
mouth of the Ohio river, tbroagh the State of Illinois, is called the third 
principal meridian : that running north from tiie mouth of Uie Illinois 
river, through the Stat«s of Illinois and Wisconsin, ia caUed tixfi fourth 
principal meridian : ojid that running north from the mouth of the 
Arkansas river, through the states of Missouri and Iowa, is aalled 
Oiefijlh principal meridian. 
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CoaRBOTiON Lines oorreot the error that Tfould oHierwise arise 
from the contergenoy of meridians, and arrest that proceeding from 
tlie innoouracies of toeasurement They are run due east and 
west at stated distancea, generally at the end of every tenth town- 
ship, and each forms a base for tlie townships nortli of it. Each 
range of townships slioiild be made aa much over six miles in width 
oneuohSiase and correction line as it will fall short of the same ividth 
where it closes, on the nest correction line north, the eicees or de- 
ficiency of width being always thrown into Ite last half mile, on all 
of the lines closing out to the west boundaij of each township. 

Tbiis mode of eiecuting the public surveys, conduces more, per- 
haps, than any olLer which could be devised, to t!ie simplicity, regu- 
larity, and symmetry of the work, and to the ease and certainty wiUi 
which any tract may be identiEed. 

The public lands are surveyed by Deputy Surveyors, appointed by 
the Surveyor General of the State or Territory, in which the dis- 
trict assigned to each deputy may be situated ; their duties are pre- 
scribed by general and special in 



OF SUBDIVIDING TOWNSHIPS. 
Each toTvnship is laid, off and surveyed into tiiirty-sii sections as 
near as maj Tie of ore mile square, by lines running noi-fli and eoutL, 
crossed by others running east and west. The sections are linowu 
and desigDiiteii by progressive nnmbera, bogumiDg at tlie north-east 
comer of the township, and numbering westward and eastward alter- 
nately, as shown in tho following diagram. 
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Quarter seoKon corners are established equidistant between the 
Bection comera, oieept on the section linaa closing on tto north and 
west boncdaries of townships, oa wbieli they are set at forty chains 
from the last section corner, and the escess or deficioncy of meaanre 
(if any) Is carried ont into the l^iat half mile, and cast upon ilie 
north and west sides of tho township, aa required by law. Various 
instructions have been giien by Surveyors General, to Deputy Sur- 
veyors, for the parpose of accomplishing an equitable and lawful 
Bobdiyision of townships into sections, none of wMch, it is belioved, 
will effect this object better than tlve sjslera adopted in 1850, by 
the surveyoi" general of Ohio, Indiana, and Miohigan; by which tbe 
true course and measureEient of every line is given, and the ine- 
qualities of measurement proportionally carried to every seclional 
line. Tbia, together with the closing of the section lines at post on 
the north and west boundaries of tho townships, (which were for- 
merly closed at the intersection of the lines ran to them, whether at 
post or not,) has much improved the Ejmmetry and eqaality of the 
Bubdivieion of townships. 

An act of Congress of the 24th May, 182*, authorises a departure 
from the ordinary mode of surveying the publio lard, on any river, 
lake, or boyon, whenever, in the opinion of the President of Ihe 
United States, the public interest would be promoted thereby, ao aa 
to survey such lands, in tracts of two acres in width froniiug on 
Buch river, lake, or bayou, and running back to tlic depth of forty 



The genera! principles on which the public lands are surveyed, 
have already been given ; but (he county surveyors and purohasera 
of these lands, are more immediately interested in the proper method 
of subdividing aeoliooa inte such traeta as are sold to purchasers from 
the United States land offices ; and the re-establishing of eitiuot lines 
and oorners, when from any cause they ore lost or cannot be found. 

In the regular surveys of the public landa, no other lines are 
actually run and marked by the Deputy Surveyors of the United 
States, than township lines, and seotions, or eubdivisional Hnea of 
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townships, info BeBtions; on all of these lines, no other tliam section 
and qnarter section, oornora ato cstablislicil ; csoopt meandei- oor- 
neps lit the end of all fractional eeetiou liaes wbioh close on rivers, 
laJiea, &c. 

All BecOona in a fiiU townahip, esoept thoae wliich are houndetl by 
its north anil 'vrest sides, are treated as full sections in their ealea 
and subdiyisions; and also, the south half of sections on the nocUi 
boundary, and the east half of sections on the weat bonntiaiy of eaeh 
full township, are sold and snlidiviiled as full half seelioiis. Section 
ehteeit in eaoh toirasMp is resei'Ted for school parposeo, and is not, there- 
fore, BUbjeut to private entry. 

From Yarioua causes (elsewhere treated of in Ihia work) seolion 
lines do not always correctly coincide with the cnrdinal points; nor 
will thair measnrement in all oaaea ba fotmd esactly eighty oliains or 
one mile in length. (See article on measurement with the chain.) 
Quarter section corners, especially in the older surveys, may not 
always be foand equidistant between the section corners. This de- 
fect arises in most oases, it is believed, from difficult or careless 
measnrement witli tie cliain. 

Notwithstanding such errors, all comers that can he identified 
by tie original field notes, or olhar unquestionable testimony, mnst 
be regarded, as the ori^adl cornera, and for that purpose should be 
perpetuated with new posts and bearings wken the old ones decay. 

EXTIHCT LINES AND COKNERS. 

Wlen nSedion eomer cannot l)e identified by the original fioM notes, 
or by clear and unqaestionable teaiimony, ron a right line between 
the nenrest noted station trees, north and soutii, and east and wesb 
of the lost section comer, if there he auy such trees within the dis- 
tance of the nearest qnarter section, or section oerners ; hnt if no 
station trees be found, then between the nearest qnarter section or 
section Qoraecs, and at Iha point of intersection of fliese two lines 
rc-estahligh the section corner, with new hearings from it fo the near- 
est and most durable objects; whicii of course should be recorded 
ivith the survey. 

&^mci Quarter Section eoryiers, except on fiacttonal secliim Zmes, if 
not identified as above stated /or lealioii corners, must be re-estab- 
lished equidistant between the section comers, in a right line be- 
tween the nearest noted station ti'ees each side of it, if there be 
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any; but if nune are fonnil, tlicn in right lies tetwepii the section 

Mctmet Quarter Section eorners, on section line, which close on 
the north and W5s( ioimrforses of townships, mnst be re-eetahlislied no- 
oording to the original measurement tliereof, at forty ohfuns ftomthe 
lastinterior section ooraer towards the township line. For an example, 
suppose the line between seetions 3 and 4, or 18 and IS, to he 81,80 
cliains, according to the original survey, and by the measurement of 
the county sutyey, 80.90 chains. ThenaayasSl.SO: 80.90:: 40.00 
to = 39.61J. Thus 39 chains and 81J links is the distance the 
quarter seotion comer must be established from the last interior 
section comer, according to tlie measure of the county surveyor. 

Lost or extma I^nskip corners, except on correction lines, ahould 
he restored in the same manner as already given for section corners ; 
and estinot quarter section corners on township lines, should be re- 
stored in the saraB manner as tJiose on interior seotion lines. 

In subdividing townships into SBOtiona, the section lines which 
close on the north and west boundaries of townships, have not al- 
ways been closed at the section comers whioii were established on 
the survey of the township lines; bnt at such points on their bound- 
anes, as the first lines run to them may hova interscated. 

Wherever this has been done on the north and -west boundaries of 
townships, a new quarter section comer must be established, equi- 
distant between the corners of all such irregular closing lines ; for, 
the seetion and quarter section comers established on the survey of 
these boundaiies, belong oicluaively to the adjoining township. Con- 
sequently, to restore lost or eslinct seetion comers, tho.t were esta- 
bhihed on the north and west boundaries wn^hi d g their 
subdivisions into sections as above menti tk lines 

closmg at these comers, must be retraced to hem B to cstore 
lo«t sei-tjon, or quarter section comers, iha w Jiblish d on the 

original survey of the township line^ the b undai h aid be 
carefully retraced and measured, and the u a d q larter 

seotion ccrners sliould here-established atth irp p aldiitanee 

fiom each other, between known comers 1 n p on to 

this lule IS, when it is clear that the sect! n m n regu- 

larly run according to instructions, and can b y -aoed to 

the township line. Tlie section corners should tlien bo re-established 
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Ezimct or Miterated lines may ta restoretl bj Timning right lines 
between te-eatablisJied and otiier known onrners; except noted sta^ 
tioa trees be found between them, -when the lines between oorncrs 

It may ba remarked here that no BurTeyor cnn legally alter or 
correct the original sarveja. It is his duty to restore them as for as 
practioablB to their original condition. -^In making reeurveya of the 
pnblic lands, Buoh directions and absolate length must be given to 
eaaJi line as "ftere given to them by the original surveyor, whether 
Vae retracing, courses and measurements, agree with the original 
survey or not; except otherwise directed by the Surveyor General, 
or the Commisaioner of the general Land Office. 

BEARING TKEES, &o. 

BeoWnifirees, to corners, have a blaze with anotchin themnearthe 
ground and facing the comer; sometimes the letters B T are found 
in the hlaio above or below the notch, which are tlie initials of Bear- 
ing Tree. Their siie, kind of tinil)er, course and distance from the 
corner post, is given in the field notes of the survey. 

Section, and quarter section trees are "faced off" on the side to- 
wards the comer, four or five feet from the ground. The quarter 

are marked with the number of the Range, Township and Section, 
thus, R. 24 W. T. 45 N. S. 16.* There ia no note made of these 
trees in the field books, unless thej are bearing trees also; fhey arc 

marked for the purpose of giving information at the corner, of the 
number of the sections which corner there, imA also, the number of 
the lowmhip and range. Station trees on the lines, are notched with 
two notches on each side in Uie direction of Ihe line, and their size, 
kind of timber, and distance from the last section corner are given 
in the Seld notes. 

SUBDIVISION LINES OF SECTIONS. 

The subdivisions of whole sections into Buch tracts as are sold by the 

land officers of the United States, to purchasers of public lands, are 

made by cunning right lines between the quarter section coruera, on 

(he north and south, and east and west sides of the section; and at 

lese lines is established the common corner for 

.".oogic 
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its four qnaiterE, nithout regard to the quantity of laiiii contained 
in each of them. These quarter BeoHoEB are sold aa containing 160 
acres each, and are de^gnated as the K. E,, N. W., S. E. and S. W. 

Quarter sections are diyided Into halves, hy a north and Eonth 
line, equidistant by roeaanremaut between its east and west corners. 
Those tracts of land are eupposed to oontuin eiglity acres each, and 
are designated aa the east and west half of the quarter seclion. 

Furthermore a quarter section is, also, divided into quartera hy 
lines run north and south, and east and west, equidistant between 
its four coraers, and at the intersection of these lines nt the centre 
of the quarter section, isostabliahed the common corner to its four 
quarters. These quarters of a quarter section are Huppoaol to con- 
tain forty acres each, and are described as the N. E., N. W., S. E, 
and S. W. quarters of the quarter section. 

The following diagram of the subdivision of a whole section, will 
more clearly show tbe method of subdividing such section. 
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Quarter sections adjoining the north and west boundaries of town- 
ships, are deemed to bo fractional, and therefore, may contain more 
or less land, than is given to other quarter sections within the town- 
ships; they are sold or surveyed according to (heir plats in the land 
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ON SUEDIVmrnG PSACTIONAL SECTIONS. 

FrocUonRl section lines which close oa meandered rivers and lakes, 
or on reservations, &c., are required hy law to Ijb run north and 
Bowth, or east and wsst, as tlie oasa'requicea. These linee lite tliosa 
before mentioned in Uie subdivisions of townahipa into sections, may 
not prociBely agree with the cardinal points of the eompaas. — There- 
fore, m subdividing fractional sections embraeed by fractions] seotJon 
lines, which close on meandered ftreama, lakes, &o.; the quarter 
section line should be rnn with an iatermediaie course between the 
seotion Imes ; and the fractional quarter sections thereof, should be 
diFiiled in like mamiei'. 

The Eubdivisiona of fracdonal sections, are indicated on Uie maps 
of survejB, in the land offices. 

AH ACT CONCERNING THE MODE OF SURVETIKG THE 

PDBLIC LANDS OF THE UNITED STATES, 
f I. £e it eitacleil, ^o. That the Surveyor General shall cause all 
those lands norti of the river Oiiio, which, by rirtue of the act en- 
titled, "An act providing for the sale of the lands of the United 
States in the territory northwest of the river Ohio, and above the 
mouth of the Kentooky river," were subdivided, by rimniiig through 
the townships parallel liaes, each way, at the end of every two miles, 
and by marking a corner on eaoli of the said lines, at the end of every 
mile, to be subdivided into sections, by running straight lines, from the 
mile corners thus morlied to the opposite corresponding comers, and 
by mnrkiQg, on each of tike said lines, intanncdiate comers, as near 
as possible equidistant from the comers of tlie sections of the same. 
And the said Surveyor General sliall olso cause the boundaries of all 
the half aectiou, which had been purchased previous to the first day of 
July last and on which the surveying fees had been paid according 
to law by the pnrchaser, to be surveyed and marked, by rimning 
straight Imes from the half mile comers heretofore marked, to the 
opposite oorreaponding comers; and intermediate corners shall at 
Iho same time, be tnai-keil on each of the said dividing lines, as 
nearly as possible equidistant from the comers of the half seodon on 
the same bne: Provided, That the whole eipense of surveying and 
malting the lines, ehall not esceed thi-ee doUiirs for every mile which 
has not yet been enrveyed, aud nhich sliall be actually run, sut- 
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veyail and marked, ty virtue of tliia seotion. And the expense of 
making the subdivisions dirootod by this saction, shaJl be deftayed 
out of the moneys appropriated, or ithioh may be boreaftac appro- 
priated, for completing the suryoya of the public lands of the United 
States. 

J II. That the boiindiiiies aud oontects of the BOTOrol seetioM, 
half seodons, and quarter seotions, of the public lands of the Unitetl 
States, shall be aaeertained in conformitf with the follomug princi- 
ples, fliij' act or acta to the coati'ai'y notwithstanding : — 1st. All tlio 
corners marked in the surveys rotnrneii by the Surveyor General, 
or by the surveyor of the land BoatJi of the state of TenneKsea re- 
spectively, shall be established as the proper ooi'uera of sections, 
or Bubdiviaiocs of seotiona, which they were intended to desigoate ; 
and the corners of hn3f and quarter seotdons, not marked on said 
anrveys, shall be yilaced S3 neariy as possible equidistant fi'om those 
two comers which stand on the same line. 2d. The boundary lines, 
actaally rnn and marked in the aurseys returneti by the Surveyor 
General, or by the surveyor of the land south of the state of Ten- 
nessee, respectively, shall be establisked as the proper boundary 
lines of the sections, or subdivisions for which they were intended; 
and the length of eadi Hues, as cetumed by either of the aurreyors 
aforeaajd, aball be held and considered as the inie length thereof. 
And tlie boundary lines which shall not have been actually run and 
marked as aforesaid, shall be ascertained by running straight lines 
from the established comers to the opposite corresponding comers ; 
hnt in those portions of the IVacCional townships, when no such oppo- 
site eorrespocding comers have been or can be Ssed, the said bound- 
ary lines, shall be ascertained by running t^m the established cornel's, 
due north and south or east and west lines, as the case may be, to the 
water course, Indian boundary line, or other external boundary of 
such fractional township. Sd. Each section, or subdivision of section, 
the contents whereof shall have been, or by virtue of tie first section 
of this act, shall be returned by the Surveyor General, or by the sur- 
veyor of tlie pahlLo lands south of the state of Tennessee, respectively, 
shall be held ajid considered as containing the esact quantity es- 
preased in such return or returns ; and the half sections and qtiarter 
seetiona, the contents whereof shall not have been thus returned, 
shall be held and considered as containing the one half, or the one 
fourth part, respectively, of the returned contents of the secticn. of 
which they make-part. 



76 SYSTEM OF SURVEYS OS 

g III. That so TOUoli of tte aet, entitled "An act making provi- 
sicm fqc the disposal of the Iftnda of Indiana territory, and for other 
purposes," as provides tiie mode of asaertniniug the true oont«iits of 
sections, OF subdiviaiona of sectianB, Rnd prevents the issue of final 
oerlifioates, unless the said contents shall have been aflcevtainod. and 
a plot certified by the Distriat Surveyor, lodged with the register, 
be, and the same is hereby repealed. [Approved, February 13, 
1805.] 



GEOLOCirCAlj SURVEYS, 
sith the linear surveys of neir districts of oountrj, 
the surveyors have good opportunities to mate geological esamina- 
lioBS, and to colleot specimens of minerals t^at may be diaoovered 
in tlie course of thdr work. Such specimeus, when submitted to a, 
scientific and practical geologist, will enable him Co determine the 
true character of such new districts, and what kinds of prodttcta 
may l)e expected to be derived from them. 

It is, therefore, of rouoh importance, that Huryeyors of the public 
land should posaess or acquire, at least a sufficient Icuonlsdge ol 
geology, to enable them to make a proper coUeetion of geological 
specimens; and also, to observe the character, stratifloations, dip, &o., 
of any rooks in place, or other mineral depoaita. 

Such services afford pleasure and profit to the surveyors, while 
they conkibut« to the public interest, and to science. A system of sur- 
veys for this purpose has been partly tested; but while in suooessful 
progress, it was jutecrupted by the death of the geologist, the la- 
mented Dr. Donglass Houghton, while he was engaged in prosecuting 
a geological, in oonnesion with the linear survey, of the south coast 
of Lake Superior. 

This system posaeases many advantages over any other that has 
been adopted, for obtfuning a general geological knowledge of new 
and unsettled counti'ies, the expense of which is trifling compared 
with an independent geological survey; also, such surveys are of 
great value when known, in directing emigrants to the country suit- 
able for their occupation or enterprise, and thus effect an early and 
judicious development of its resources. 
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A syBtein of linear and geological siineya may be satisfactorily 
prosecuted, by the appointment of a competent geologist to a clerk- 
ship in each Surveyor Genernl'a office : tiie Deputy SuiTejors being 
made ossiatont geola^sts to execute Ute field voA, under a well di' 
geated system for tLat purpose, wlio aliould malce their report, and 
return their speoimenB to the Suryeyor General, when the geologist 
aader Mm caa iuTOatigate Buoh reports, and embody the wliole in 
one connected geologidal report, so far aa snch auryejs asitend. 

By this system, it will be seen that the position of all mineral cle- 
po^tB from which apeoimeos are taken, may be precisely located by 
measure on the survey, and be as easily found astlie varioua section, 
quarter sectjoo, aud oUier subdivisions themselves, a consideration 
of mucb, importance, which any independent geological or otlior 
system yet adopted fails to do. 

TOPOGHAl'HICAL 8UEVBYS. 
The general topograpliical features of new distriefs of country are 
of much interest to the public, and especially to emigrants. Such 
surveys can be made witli but little expenditure of time while the 
linear surveys are in progress, by a proper use of the Aneroid Ba- 
rometer, for the purpose of determining on the lines, the height of 
hills, ledges, &o., above the valleys; (see article On the use of tke 
Aneroid Barometer) and by observing also, the course and angle of 
elevation or depression of distant noticeable objects, on the summiis 
of hills, mountains, lei^es, &c.,audin the valleys below them; which 
can be seen from two or more stations on the lines at the time tiiey 
are being run. And further, when ,runiung the meanderings of 
the shores of rivers or lakes, bearings and angles of elevation may 
be also token tb conspicuous objects on islands, rooks, sand-bars, &c., 
which can be seen fronj. their shores. To these observations should 
be added, sketobes of landscapes, ledges, acd whatever else may 
interest the inquiring mind. 

Suoh bearings, and angles of elevation and depression, form tri- 
angles with n given base to each, which are good data for mapping, 
or trigonometrical calculations, to establish the course, diatanoe, 
elevation or depression, trom a fixed point within the survey of every 
olijectwitii which they are connected.* 

* In iiiakins iwlijiilatioas Bit the lielgbit! of distant objects, tlis taSle tor oorrec- 
helght; on tbo Recount of the dlffereaco of the sppscant iai true level from tba 
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A useful oppUcatioii of a series of triangles ecu be rasda iuiross 
lakes, bays, liMrbonre, &o., commenomg from a can-eotly measuvecl 
base, on or near their coasts, so connected Tvith eveiy point or object 
ou theic shores or within theiF waters, tbat the meauderiags nf 
their shores, and position of islands, sand-bars, soundings or other 
objects oan be coi-reotly delineated on a map, by course and distance 
from any known point of survey. A fall description of the above 
principles with pi-opar examples, would oocupy too mucb space to 
be admitted here, but it is beliOTed that the well qaalified practical 
fiuryeyor, wili End but little, if any diffieulty in applying tliese princi- 
ples to any survey that may require their nse. 



SUPPLIES OP PEOViarON. 
Thefollowing quantity and kinds, or a substitute for Oiem, 
rally reqoired. 

8 barrele of flour. 

2J do. of dear pork. 

5 bushels of beaos, 

a do, of dried apples. 
120 lbs. of good dry sugar. 
70 lbs. of ground coffee, or a substitute for it. 
10 lbs. of saleratus, or its substitute. 

1 lb. of ground pepper. 

1 small bag of table salt. 
25 lbs. of rice. 

i Iba. of Castile soap. 

CAMP PUEiSITURB. 

1 large tent for the surveying tompany. 

1 small tent for the paskmen. 

6 Mackinaw blankets. 

3 common blankets to spread underneath them. 

2 dozen boxes of matches, {best kind.) 
1 good chopping ase. 

4 tin pails, made to fit into each other, 
14 tin basins. 

1 set of knives and forts. (Small siis.) 
1 butcher, ov meat kaifo. 
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y light frying pana. 

2 half round oans, miide ta fit inaiiie of tlio paila,— for lard and 

Ealeratns. 
2 tin pappsr boses, mfh coTera to fit closely over tlie sieye. 
6 "soldiers' drinking caps," also needles, awls, thread, twine, 

small cord, &c. 
2 mising olotlis, made of heayy cotton drilling, one yard square 

4 papers of 3 az. tacks for nailing lioots. 
FOR PACKING, ETC.* 

1 or 2 good horses, or mules, as circumstances require; one 

pack saddle; a bell and apancil for each. 
SO sb^iut bags, that hold one and a half bushels each. 
4 linen bags, for pork. 

6 Bmall bags, for beans, dried apples, kniyes and forks, &a. 
8 India Eubber hags for sugar and coffee. (Should be lined.) 

2 strong drilling cloths, two or two and one half, yards square, 

to do up tho camp equipage into packs; also, strap and 
cords, to secure the packs to the horso and saddle. 
SURVEYING INSTRUMENTS, ETC. 

solar compass. 

case of draw 



standard ciiain. 

Telescope 16 or 18 iaclies in length. 
2 marking tools. 
2 pocket compasaea. 
2 marking axes, weighing throe and a half pounds each. 

1 hatchet, and two whetstones. 

2 three-cornered files, for sharpening axes, &o. 

2 small round files for sharpening marking tools. Also, field 
books, mapping and writing paper, ink, pens, pencils, India 
rubber, mouth glue, and a small Talise (or bos) to carry 

■Pflokmg." This word ia uaaa bj snivejora of the public landB, bolh fiir 
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Camp pails, or kettka, should be maiie of heavy lin, and the 
covers and ears riveted, iThoi-B thoj would be likely to separate wlien 
eipoacd to the fire. 

The most approved foi'm of a camp pail ia an elliptioa.1, or obloag 
bottom, with upright sides. The largest pail should ba made about 
nine iuobes ia depth, nud to hold twelve qnorta, or more; the other 
three of a less ase, so as to fit inside of the largest one. 

The basins are made six or seven inches in diameter, and one and 
a half inch in depth ; they serve in the plane of plates, cups, soup 
and meat dishes, &c. The knives, forks, and spoons, should be of 
a small size, except one large spoon for mixing bread, &c. 

Flour is mixed for bread on a cloth of cotton drilling, of about 
one yard eqnare. It is done as follows: — 

Spread the elotb on a blanket, folded and laid on the ground; 
pour enough flour upon it for a mixing, and make a, hollow in it; 
then pour in aome lard from the can, and add saleratas and salt 
dissolved in warm water, stirring the flour nith a spoon to a proper 
consistency for kneading with llie hand, taking eare not to roach 
the bottom of the flour so as to wet the cloth. — Bake the loaves in the 
frying pans liefore the fire, and when done, fold the olotfa, and lay it 
aside lor future use. 

TENTS. 

The soldiers' tent made of good firm cotton drilling, will answer 
the purpose very well, in any country. The Marquee, however, ia 
hotter in a prairie country. Another tent, much approved by some 
Burveyors, for a timbered oonnttj, is made cf good cotton drilling; 
when pitched, nearly resembles a little more than one half of a Steep 
roofed building, with its share of the ends. It can be quickly 
pitched with poles, and crotches, by having suitable eyelets, and 
strings at the bottom, and at the ridge, and front. It has four or 
five breadths of cloth, about four and one third yards in length; the 
end may be made of cotton sheeting, of the form above indicated. 
This tent possesses the advantage of being less in weight and bulk, 
than a^y other in use amoug surveyors: therefore, veij suitable M 
he used when the carrying is done by men. 
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COMTBYIKG PACKS WITH HORSES OR MTTLES. 

The man wlio managea the pack horse, aliould be an espcrieneed 
■Hoodsinaii, capable of finding hia way with the help of a pocket com. 
poaa, to any point witiiin. the distriot to be Burvejcd, that may bs 
d^ignated by the saryeyor. 

The "sack Indian saddle" is the beet in use for the pnrpoae of 
pacting, but pack saddles may be made in the form of those used 
by moat of the Indian tribes. They shonld iiaTe attached to theni 
0, stout girt, breast strap, and breeohing, and be weH padded, or bare 
a folded blanket under it, when in use. 

Suitable straps nitli buckles abould be provided, to tightly buckle 
around near the ends of each bag, or articles done up irith a wrap- 
per and cord, which ace intended for side packs. Before buckling 
these straps, a loop made of strong cord about ten inches long, 
should be slipped on to each ; after buckling the straps, tlieae loops 
■nill be hitched over the boms of tbe saddle, and wound around tliera 
if too long ; thus each side pack lies lengthwise of the horse, sus- 
pended by the loops from tlie horns of the saddle. 

Between the side packs other loose articles may be placed, such 
as tjn paila, frying pans, ■&,«. These bags and other loading, should 
be irell balanced, and bound to the horse and saddle, 'nitU a cord of 
suiiabie length. That tbe horse may bs ea^ly found when not at 
itork, a small bell should be fastened to his naok, with a strap and 
buckle. A "spaucil" should also be prcTidod, made of leather ivilli 
two buckles, foe fastening tiio forefeet of the animal naaily iDgether, 
that he may not go astray. 

CONTEYIHG PACKS WITH MEN. 

When packs cannot be carried on horses, or mules, men are em- 
ployed for that purpose, and should be provided with suitable pack 
straps. The "portt^e strap" is sometimes used; it is made of 
leather, und is ten or twelve feet in length; the middle pait is two 
feet long, and three inches broad in the middle, and tapers each way ; 
at each end of this broad part is secured a thong of leather, suffi- 
ciently strong to support the pack. Each end of the portage strap 
is tied around the pack to be carried: the broad part passes over 
the forehead, or chest of the person who cooTeys it. 

Another "pack strap" in common use, is made of five sti'apSi 
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two of Uiem are bncMed aronncl ihe paok near eaob end, and two 
are slipped ander them and seireil together, ia svuih a manner, as 
when buckled, to fonn shoulder straps ; the fifth sti-ap is about three 
inches broad a,t the middle, and tapers es^ih way, and is buokled at 
each end to tJie other strpps, in suob a manner m to pass oyer the 
foreiiead when in use; the pa«fc is pnt on ia a similar maimer to 
that of a peddler's pack. 

Pa«ks which are carried by men, to Bnpplj a suryejing company 
in the field, usually weigh from seventy-five to a hundred and twenly 
pounds each. 

SURTET0E8' WBARIKO APPAREL. 

The common wool hat is best for any season of the year, espe- 
cially in timbered land. 

Trowsers should be made large, and of Birong cloth, 

A light coat, or frock, shonld be provided, well supplied with water- 
proof pockets, to keep books and papers dry in wet weather, and a 
light India rubber, or water proof cape should also be provided to 
keep th§ oomp-ias dry, when travelling in wet weather. 

Flannel for under clothes, ia preferable to cotton, for aU seasona 
and kinds of weather. 

ordinary nae; the fronts of tlie legs shoold be out narrower, and fhe 
backs wider, than is usual to cut them. A thick single sola prn- 
jeciing about one quarter of an inch from under the upper leather, 
and well nailed over the bottoms with sparables, or taeits, are the 
most durable. The nails keep the feet from slipping, and the broad 
Bole protects the upper leatlier from wearing against hushes, grofls, 
kc. A large silk handkerchief, of any colour but red, to tie over' 
tie ears and neok, is a good, protection from flies and musquitoes. 

DEPOTS IN ADVANCE OF A SUBVET. 
Much difliculty has sometimes been experienced by surreyors in 
new and unsettled oountriea, in providing an ample supply of pro- 
visions for their parties while engaged in large surveys of eiterior 
township lines. This difficulty can bo overeome in a great measure 
by the use of the solar oompasB. The latitude of the township cor- 
ner, whioh is to be the commencing point of the survey, must be 
determined with the instrument to be used in executing the work; 
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then conTey the supplies bj tlie most feasible route, to the desired 
position within the district to tie surveyed, and deposit it securely 
from atorms and wild animala, on or ueac some stream, lake, Indiiui 
trail, or other oonspiouous object that can be recognised, in the la- 
titude of any oast and west townsliip line ; ■which may be determiuad 
by allowing 5' 12" of latitude for eaoh township of sii miles north 
OP south of the commencing corner of the survey. If the townahip 
line, when run, should paaa a few chains to the right or left of the 
depot thus made, it can be found in a few minutca. 

This method of depositing supplies of provisions in advanoa of the 
surveyed lines, has been successfully practised by the author. 
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